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This book is a work based on the study and reflection of the authors about 
hundreds and hundreds of biopsies, surgical specimens, and autopsy material 
reported during more than 40 years in a university hospital, which treated 
testicular pathology — and precisely non-tumoral testicular and epididymal 
pathology — as a hobby. Therefore, this book does not pretend to be a com- 
pendium on this pathology, but a presentation of diagnostic problems that to 
be solved need knowledge on urology, andrology, pediatric gynecological 
endocrinology, and genetics apart from the usual pathological armamentar- 
ium. The success that the book Testicular and Epididymal Pathology by 
Nistal M and Paniagua R, editors, had in the 1980s has encouraged us to 
continue being specially interested in the non-tumoral testicular and epididy- 
mal pathology that has not raised a special interest in other pathology books. 

What is the difference of this book from other books of pathology? In the 
majority of the treatises, the non-tumoral testicular pathology is reduced to a 
few items where the pathologist does not seem to play an important role. Our 
purpose is to present the diagnostic problems from the morphology of the 
lesions and build the diseases and their differential diagnosis under this per- 
spective. Although the book is written in a schematic form, details necessary 
to get a deeper knowledge of this pathology and its differential diagnosis are 
included. 

The chapters have been selected considering three reasons: first, that the 
different fields of non-tumoral testicular pathology — genetic, malformative, 
developmental, functional, vascular, or inflammatory — would be represented; 
second, that the topics should present problems on their differential diagno- 
sis; and, third, that the pathologies included in this book should be uncom- 
mon enough to make this book a highly consultable text to solve certain 
problems in non-tumoral testicular pathology. 

The chapters have been divided in eight parts: genetic and developmen- 
tal pathology of the testes, infertility, vascular pathology of the testes, 
inflammatory pathology, pathology of the rete testis, pathology of the epi- 
didymis, pathology of the vaginal tunica and paratesticular structures, and 
miscellanea. 

Bearing in mind that in pathology images are as important as — or even 
more important than — text, figures have been carefully selected in each chap- 
ter. Furthermore, in many chapters, to stand out the main characteristics of 
the lesions or to ease the diagnostic process, a variety of diagrams or algo- 
rithms have been included. In addition, legends are straightforward. 
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What Does the Presence 
of Seminiferous Tubules Inside 
the Tunica Albuginea Mean? 


Manuel Nistal, Pilar Gonzalez-Peramato, and 


Alvaro Serrano 


Structure of the Normal 
Tunica Albuginea 


1.1 


Together with the interlobular septa, the albu- 
ginea forms the structures of the testicular paren- 
chyma support. They divide the testis in 250 
lobules with a pyramidal shape. The base, periph- 
eral, is formed by tunica albuginea and the side- 
walls by interlobular septa. The lobules, the 
seminiferous tubules, and the interstitium are 
located inside with Leydig cells outstanding in 
the latter. Through the apex the seminiferous 
tubules are the continuation of the tubuli recti, 
i.e., the initial part of the rete testis. 

The tunica albuginea is formed early, immedi- 
ately after the appearance of the primitive testis 
cords [1]. One fibrous basement membrane imme- 
diately under the coelomic epithelium as a result 
of cell differentiation of coelomic epithelium and 
testicular interstitium and possible migration of 
extragonadal cells is formed [2, 3]. In the new- 
born the structure closely resembles that of an 
adult. The early formation of the tunica albuginea 
seems to be under the control of the anti-Mtillerian 
hormone produced by Sertoli cells [4]. 


Histology 

In the adult, the tunica albuginea has three layers: 
the outer layer (tunica vaginalis) is thin and con- 
sists of a mesothelial lining resting on a basement 
membrane. The middle or thicker layer is dense 
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connective tissue, and the inner layer (tunica 
vasculosa) is loose connective tissue. In the mid- 
dle layer, the cells, fibroblasts, myofibroblasts, 
and smooth muscle cells and the fibers, mostly 
collagenous fibers, are arranged in planes parallel 
to the surface [5] (Fig. 1.1). From the outer to the 
inner layers, the amount of collagen fibers 
decreases, whereas the number of cells increases. 
This phenomenon is parallel to changes in the 
phenotype of contractile cells. A secretory phe- 
notype predominates in the most superficial zone 
and a contractile phenotype in the deepest one 
[6]. The density of the smooth muscle cells varies 
in different parts of the tunica albuginea, being 
higher in the lower pole and the posterior edge of 
the testicle. Among muscle cells and in their 
immediate apposition, axon varicosities contain- 
ing vesicles are distributed suggesting functional 
innervations of the smooth muscle. The tunica at 
the lower pole of the testis is crossed by arteries, 
and nerves that pierce the tunica vasculosa and 
advance along it reach the parenchyma through 
the interlobular septa, and in the opposite direc- 
tion is crossed by veins and lymphatics. 

The tunica albuginea, like all testicular struc- 
tures, is subject to changes throughout life. These 
changes affect the thickness as well as cell dif- 
ferentiation and the degree of collagenization. 
During the first 6 years, the thickness hardly 
changes although a progressive collagenization 
of the outer part of the middle layer occurs. From 
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Fig. 1.1 Testis of a 
newborn baby. The 
tunica albuginea shows 
mesothelial lining. 
Beneath there are two 
layers, the external one 
is poorly cellular with 
abundant collagenous 
fibers while the internal 
layer is more cellular. 
Two sections of 
seminiferous tubules 
and abundant Leydig 
cells are recognized in a 
deeper location 


these 6 years onward, the thickening process 
continues and accelerates in puberty and goes 
from 400 microns in young men to over 900 
microns in some older men. 


Physiology 

The functions of the tunica albuginea are multi- 
ple. To classic functions such as protection of tes- 
tis against traumas or acting as a semipermeable 
membrane that produces the fluid of the vaginalis 
cavity, a contractile function is added. It is spon- 
taneously able to contract and relax due to the 
presence of abundant contractile cells showing 
high concentrations of guanosine monophos- 
phate (GMP), and thus the testicular size and the 
propelling of sperm from the seminiferous 
tubules into the head of the epididymis are regu- 
lated [7]. This process is dominated by the adren- 
ergic system in association with a smaller 
purinergic component [8]. 


Persistence of Testicular 
Blastema 


1.2 


Testicular blastema represents the next step in 
male differentiation of gonadal blastema. It is 
identified by the presence of poorly defined 
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immature sexual cords with germ cells and little 
mesenchyma without differentiated Leydig cells 
[9, 10]. It is the result of the expression of SRY 
gene by Sertoli cells that trigger the expression of 
other Sertoli cell-specific genes that cause 
Sertoli-primordial germ cell aggregation and pro- 
liferation of Sertoli cells in the underlying mes- 
enchyme [11]. 

The presence of testicular blastema has been 
observed in both testes of three newborn babies 
from a total of 3228 consecutive autopsies at the 
La Paz University Hospital [12]. These patients had 
the following conditions: one was the result of a 
spontaneous abortion due to chorioamnionitis; 
one was an elective abortion due to a neural 
tube defect, omphalocele, and asymmetrical 
arthrogryposis; and the third case had trisomy 
18 and the classic features of the Edwards’ 
syndrome. 


Histology The persistence of testicular blastema 
(PBT) takes the form of a crescent, is located in 
the upper pole of the testis in the vicinity of the 
epididymis, and occupies an area of several mil- 
limeters. There is no tunica albuginea at this 
level, although the rest of the tunica and the tes- 
ticular parenchyma and epididymis are normal 
for the age. 


1.2 Persistence of Testicular Blastema 


Fig. 1.2 Testicular 
blastema. Under the 
coelomic lining formed 
by cylindrical cells, 
there is a cellular 
proliferation in which 
two cell types are 
identified; one, the less 
abundant, has a large 
and clear cytoplasm; the 
other is smaller and 
tends to be arranged 
around the former cells 


The appearance of PBT in low power field is a 
densely cellular tissue without internal architec- 
ture in which at least two cell types are distin- 
guished; one, the most abundant, in continuity 
with the lining epithelium is polygonal to oval- 
shaped cells with scant cytoplasm and prominent 
nucleoli; the other is larger with clear cytoplasm, 
vesicular nucleus, and central nucleolus in small 
numbers randomly distributed among the above 
(Fig. 1.2). 


Immunohistochemistry Immunohistochemist 
ry techniques show that the first cell type is 
derived from the lining epithelial and is being 
incorporated into the lesion. These cells are 
strongly positive for cytokeratin AE1/AE3 and 
calretinin as the epithelial lining. This positivity 
decreases as the cells take deeper positions until 
eventually disappearing. The second cell type is 
represented by primordial germ cells or 
gonocytes for their positive expression of PLAP 
and OCT3/4. When the lesion is studied with 
immunostaining for laminin and collagen IV, a 
startup organization is revealed inside, unsus- 
pected with H&E, of short, rough, and thick 
cords surrounded by laminin and collagen IV 
that are in continuity with the coelomic epithe- 
lium. Peritubular myoid cells stained for smooth 


muscle actin or Leydig cells expressing cal- 
retinin are not observed. 

The immunohistochemical study supports an 
early testicular differentiation. Cellular cords 
probably correspond to pre-Sertoli cells that 
begin to synthesize components of the basal 
lamina as laminin and collagen IV, but these 
cells are still unable to differentiate into myoid 
cells to form tunica propria, and neither are they 
able to induce Leydig cell differentiation, both 
functions related to early differentiation of 
Sertoli cells [13, 14]. 


Differential Diagnosis The most important dif- 
ferential diagnosis of this lesion arises with the 
persistence of “undifferentiated gonadal tissue” 
(UGT) and secondly with ovotestes. The UGT is 
a characteristic lesion of patients with disorders 
of sexual differentiation (DSD) with streak 
gonads with epithelial cords, dysgenetic testis, 
streak testis, and ovotestis. UGT represents a 
gonad in which the arrest of further differentia- 
tion is even earlier as ovarian or testicular differ- 
entiation is not recognized and does not take a 
surface distribution like a band in the gonad. 
These testes, in opposition to those who are UGT 
carriers, do not have a higher incidence of trans- 
formation into gonadoblastoma. 
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PBT shares with ovotestes the peripheral 
arrangement on a crescent in a testis but the dif- 
ference is the following: in the ovarian compo- 
nent of ovotestes there is no tubular organization; 
the size of germ cells, oocytes, is much higher 
than that of gonocytes; among female germ cells, 
there is an abundant stroma similar to that in the 
ovarian cortex, which is absent in PBT; PBT is 
not clinically associated with DSD. 


Biological Behavior It is very likely that the 
evolution of PBT, although very delayed in time, 
would be toward testicular parenchyma both with 
seminiferous tubules and Leydig cells. The last 
lesion commented has been observed in infants, 
children, and adults in this same area of the testis 
as ectopia of the seminiferous tubules with nor- 
mal tunica albuginea. 


Persistence of Seminiferous 
Tubules in Normal Tunica 
Albuginea 


1.3 


These are seminiferous tubules in formation, 
directly in connection with the mesothelium 
externally lining the albuginea. There are 
short and twisty epithelial cords with scarce 


Fig. 1.3 Persistence of 
seminiferous tubules in 
formation in the surface 
of tunica albuginea. 
The outer contour of 
the testis has a wavy 
surface caused by 
protrusions of different 
groups of seminiferous 
tubules in development 
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interstitium. The extent of the surface of the 
tunica affected is very variable, and it is not 
exceptional that almost all of it is involved. It 
is noteworthy that in all cases under this 
lesion, the normal structure of the deepest part 
of the tunica and the delimitation with testicu- 
lar parenchyma remain clear (Figs. 1.3, 1.4, 
and 1.5). 


Histology Forming seminiferous tubules are 
constituted by both Sertoli cells, the most numer- 
ous, and by gonocytes, numbering two or three 
per tube. They are surrounded by a thin basement 
membrane with linear positivity for collagen IV 
and laminin and externally by a layer of myoid 
cells. Some Leydig cells develop between the 
tubular formations. 


Immunohistochemistry Immunohistochemist 
ry allows following all the steps of this newly 
formed tubules. The onset of formation of the 
seminiferous tubules begins at the surface with 
changes in morphology and immunophenotype 
of the mesothelium. The usually cuboidal or 
squamous epithelium becomes cylindrical and 
loses the expression of characteristic mesothelial 
cytokeratins except for cytokeratin 18. 


Seminiferous tubules, in the form of epithelial 
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Fig. 1.4 Seminiferous 
tubules continue their 
development in the 
most superficial zone of 
the tunica respecting 
the deeper more 
cellular area and the 
vasculosa tunic 


Fig. 1.5 Tunica 
albuginea is replaced 
by cell cords that 
appear connected with 
the epithelial lining. In 
depth there is a good 
delimitation with the 
seminiferous tubules 


cords, still retain calretinin positive expression 
that the mesothelium used to have and show an 
important coexpression of inhibin in Sertoli 
cells. Germ cells are identified as gonocytes 
(positive for PLAP and OCT3/4). 


Differential Diagnosis The differential diagno- 
sis of persistent seminiferous tubules in forma- 
tion in the normal tunica as well as in the 


persistence of testicular blastema arises with the 
UGT and has already been discussed in previous 
paragraphs. This lesion is interpreted as a late 
tubular neoformation, uncoupled in time, which 
starts after the collagenization of the tunica 
occurred by the action of AMH. And therefore 
there is a perfect demarcation between the tunica 
and normal testicular parenchyma. In the new- 
born child, it coincides with a delay in the matu- 
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ration of germ cells with persistently high number 
of gonocytes in the lumen of the seminiferous 
tubules of the remaining testis. Both findings are 
characteristic of trisomy 18. 


1.4 Ectopia of Testicular 
Parenchyma in the Normal 


Tunica Albuginea 


It is a focal lesion, generally single, in which the 
testicular parenchyma extends through the entire 
thickness of a histologically normal tunica. The 
presence of testicular parenchyma in the thick- 
ness of the tunica is rarely observed; in 0.8 % of 
pediatric and 0.3 % of adult autopsies, it is prob- 
ably related to the number of slices studied [15]. 
It is more common in undescended testes than in 
normal testes and can be bilateral. It is not associ- 
ated with DSD. 


Histopathology Grossly, this lesion has been 
reported in the child as rounded macules on the 
surface of the testicle [16]. In the adult, it is 
described as a bunch of grapes emerging through 
a thin tunica albuginea of several millimeters in 


Fig. 1.6 Ectopia 
testicular parenchyma 
in the tunica albuginea 
of a newborn baby. The 
tunica albuginea is very 
thickened and contains 
testicular parenchyma 
formed by cell cords, 
seminiferous tubules, 
and abundant Leydig 
cells in the interstitium 
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diameter [17]. But in most cases, it is an inciden- 
tal histological finding. 

The seminiferous tubules have a degree of 
development similar to the rest of the testicular 
parenchyma, and among the seminiferous tubules, 
there are Leydig cells in cases of newborn and in 
adult testes (Fig. 1.6). Ectopic tubules in adult tes- 
tes can show spermatogenesis, hyalinization, or 
cystic transformation (Fig. 1.7). The ectopic sem- 
iniferous tubules may or may not be connected to 
the seminiferous tubules of the testicular paren- 
chyma [4]. 

The origin of ectopic testicular parenchyma is 
speculative. It is a process that probably happens 
between gestation days 44-48, when the sexual 
cords are formed, and days 48-60, when the 
tunica albuginea is formed [18]. A delay in 
growth and maturation of the sex cords would 
cause them to get trapped inside the tunica albu- 
ginea in formation. 


Differential Diagnosis The most important dif- 
ferential diagnosis has to be done with the gonad 
known as dysgenetic testis, the typical gonad of 
patients with male undermasculinization and 
Miillerian remnants. The three most important 
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Fig. 1.7 Ectopia of 
seminiferous tubules 
present in the thickness 
of normal tunica 
albuginea in adult testis. 
Ectopic tubules show 
cystic transformation 
and partially preserved 
spermatogenesis 


criteria are a tunica that is normal in thickness 
and collagenization, absence of a similar ovarian 
stroma, and clear delineation between the nor- 
mal tunica albuginea and testicular parenchyma. 
In the adult testicles when the seminiferous 
tubules have undergone a cystic transformation, 
albuginea cysts must be discarded. These cysts 
sometimes are mesothelial, and other mesoneph- 
ric remnants are easily identifiable by immuno- 
histochemical techniques, positive for D2—40 
and calretinin in the first case and CD10 in the 
second one. 


1.5 Ectopia of Seminiferous 
Tubules in an Ovarian-Like 


Stroma 


Testes with this lesion show two distinct areas 
consisting of a well-developed central testicular 
parenchyma and another peripheral one in which 
the tubular density is lower, and the stroma is 
similar to the ovarian stroma. Both areas may be 
separated by a loose connective tissue. These 
gonads are known as dysgenetic testis. 

The albuginea is generally thick and lacks the 
structure and organization characteristic of the 


tunica of a normal testis. Cells and fibers are not 
parallel to the surface layers but are arranged in a 
swirling pattern. The tunica is not well defined 
from the testicular parenchyma. 

The seminiferous tubules of the testicular 
peripheral area often show anastomosis and pen- 
etrate deep into the tunica albuginea, even 
reaching its surface (Fig. 1.8). Germ cells are 
rare, and some intratubular eosinophilic bodies 
and microliths can be observed [4]. 

Testes with these lesions are associated with 
the presence of Miillerian structures. The 
defect in the development of this albuginea is 
interpreted as the result of a defect in the syn- 
thesis or action of AMH, and it is the most 
common finding in one or both testicles that 
enables the pathologist to suggest that the 
patient has one of the following clinical syn- 
dromes: dysgenetic male pseudohermaphrodit- 
ism, mixed gonadal dysgenesis (Sohval 
syndrome or asymmetric gonadal differentia- 
tion), and persistent Miillerian duct syndrome 
(male with uterus) [19] (see Chap. 4). 

Patients with this type of ectopia of the semi- 
niferous tubules require monitoring due to the 
high proportion of germ cell tumors that develop 
in the adult [20]. 


Fig. 1.8 Ectopia of 
seminiferous tubules 
present in the thickness 
of the tunica albuginea 
with ovarian-like 
stroma in the testis of a 
patient with defective 
AMH 
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2.1 Introduction 

Disorders of sexual development (DSD) [1] are 
defined as those congenital conditions in which 
the development of chromosomal, gonadal, and 
anatomical sex is atypical [2]. Their frequency 
is estimated at 1 in 4.500—5.500 of the global 
population [3], but if we include all congenital 
genital anomalies, including cryptorchidism 
and hypospadias, it rises to 1:200—1:300 [4]. To 
solve such important issues as gender assign- 
ment, genital surgery, functional outcome, life- 
long care, and psychosexual adjustments, DSD 
requires to be approached from different points 
of view such as genetic, endocrinological, histo- 
logical, and surgical [5, 6]. Until just over 
10 years ago, diagnoses such as hermaphrodit- 
ism, pseudohermaphroditism, or intersex still 
persisted in literature. The consensus classifica- 
tion issued by the Chicago Meeting in 2005 [2] 
had the good sense to consider these terms 
obsolete and reunite all of them under the term 
“disorders of sexual development.” It also intro- 
duced a classification based on the karyotype, as 
it was not possible to make a classification 
based on the underlying genetic error (Fig. 2.1). 
And certainly, it was most important to create a 
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way of working that allows to standardize the 
information in order to determine the therapeu- 
tic behavior that such a varied pathology pro- 
duces [7]. In itself, the classification based on 
the karyotype does not represent a real advance 
in the knowledge of the DSD for two reasons: 
(a) the same karyotype may result in different 
phenotypes with different biological behaviors 
and the possibility of different tumor develop- 
ment, and (b) very often patients are not 46,XX 
DSD or 46,XY DSD but have more than one 
cell line or a complex chromosomal constitu- 
tion. Other patients as ovotesticular DSD are 
considered within any of the groups as the 
karyotype, among others, can be 46,XX, 46, XY, 
or 46,X Y/46,XY (Fig. 2.1). 

Not least important is the problem that arises 
when we have to explain the DSD as pathologists. 
There is no logical reason to use the karyotype as 
a starting point as the gonads grouped under the 
same karyotype have little histological similari- 
ties. Therefore, it is imperative to present a more 
didactic classification. A classification based on 
histology has many advantages as it allows to 
know the gonad leading to different genotypes, to 
assess its functional capacity, and to evaluate the 
risk of developing a germ cell tumor. 
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Sex 
chromosome 46,XY DSD 46,XX DSD 
DSD 
Disorders of testicular | Disorders of androgen Disorders of ovarian Fetal androgen excess 
LETUR ET development synthesis / action development CAH ene 
variants - Complete gonadal - Androgen synthesis defect - Ovotesticular DSD 21-OH A t 
- 47,XXY Klinefelter dysgenesis - LH-receptor defect - Testicular DSD CETERE F EE 
and variants j an gonadal - Androgen insensitivity - Gonadal dysgenesis | _44-0H -POR gene 
sgenesis 
- 45,X/46,XY MGD ysgenest ; - 5a--reductase deficiency deficiency defect 
- Chromosomal - Gonadal regression - Disorders AMH - Maternal 
ovotesticular DSD - Ovotesticular DSD 
eee - Timing defect isome, 
- Endocrine disrupters ~ latrogenic 
- Cloacal extrophy 


DSD: Disorders of sex development, MGD: Mixed Gonadal Dysgenesis, AMH: anti-Millerian hormone, CAH: Congenital adrenal hyperplasia 


Fig. 2.1 Classification based on the karyotype of DSD 


Types of gonads in DSD related to clinical syndromes and karyotypes 


Histopathology 


Clinical syndrome Karyotype 

True agonadism 46,XY 

Absence of gonad Testicular regression syndrome 46,XX 
- Turners syndrome 45,X0/46,XX 
Classic streak gonad | > | 45,X0 Gonadal dysgenesis 45,X0/46,XX/47,XXX 
á Ovary... Gonadal dysgenesis mosaicism | |45,X0/47,XXX 
ifferentiation 
Undifferentiated 


gonad 


Sohval’s syndrome 


Hypoplastic ovary Pure gonadal dysgenesis 46,XX 

Streak gonad with Swyer’s syndrome 46,XY 

epithelial cord-like Pure gonadal dysgenesis 45,X0/46,XY 
structures 


45,X0/46,XY 


; i iati 46,XY 
Dysgenetic testis Asymmetric gonadal differentiation : 
Mixed gonadal dysgenesis 45,X0/47,XYY 
Male dysgenetic 46,XY 
iti 45,X0/46,XY 
SCEE pseudohermafroditism 
Persistent Müllerian duct syndrome 46,XY 


(Male with uterus) 


Bipotential differentiation 


Ovotestes _____ | Ovotesticular DSD | 46,XX 


(true hermaphroditism) Mosaicims,46,XY 


Fig. 2.2 The different types of gonads observed in DSD, 
the most frequent clinical patterns, and the characteristic 
karyotypes are shown in the figure. The structurally nor- 


mal testis present in some DSD such as fetal androgen 


excess insensitivity syndromes, a 5-alpha-reductase defect 
is not included in this scheme 


2.2 Histological Classification with or without ovarian follicles or become a hypo- 


plastic ovary. If it differentiates into testes, it can be 
detained forming a structure similar to the streak 
gonad but with cords of epithelial-looking cells 
inside (streak testis with epithelial cords), or it may 
come to acquire a differentiation that grossly simu- 
lates a testicle but still presents major defects in its 


The DSD show gonads whose structure is in differ- 
ent stages of development or suffer the conse- 
quence of a failure of the hormones they should 
have produced. When the gonad starts to differenti- 
ate into ovaries, it may develop as a streak gonad 


2.3 Types of Gonads 


differentiation (dysgenetic testes). If the gonad has 
a double differentiation into testis and ovary, an 
ovotestis is formed, but if it partially stops its dif- 
ferentiation, a streak testis results. If the undifferen- 
tiated gonad undergoes involution a real agonadism 
occurs [8—10]. Figure 2.2 shows the different types 
of gonads observed in DSD, the most frequent clin- 
ical patterns, and the characteristic karyotypes. 


2.3 Types of Gonads 

Undifferentiated Gonadal Tissue (UGT) It is 
characterized by the presence of germ cells which 
are similar to gonocytes mixed with smaller cells 
with hyperchromatic nucleus. There is no cor- 
donal, tubular, or follicular formation. The immu- 
nophenotype of the germ cell is similar to that 
described in the gonads known as streak gonad 
with epithelial cords. Companion cells have 
Sertoli/granulosa cell characteristics. UGT is 
observed not only in this type of streak gonad but 
also in dysgenetic testis, streak testis, or ovotestis. 
Gonads with UGT are at high risk of gonadoblas- 
toma and other germ cell tumor development [11]. 


Classical Streak Gonad A streak gonad is 
elongated and whitish. It consists of connective 
tissue that is arranged in bundles reminiscent of 
ovarian stroma. It is the characteristic gonad of 


Fig. 2.3 Classical streak 
gonad in a patient with 
Turner’s syndrome and 
karyotype 45,X0. The 
outer area shows a 
connective tissue 
reminiscent of ovarian 
stroma. Deeply, the 
glandular-like formations 
correspond to the rete 
ovarii 
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45,XO gonadal dysgenesia or Turner’s syndrome 
(Fig. 2.3). The streak gonads of some of these 
patients contain primordial follicles, primary fol- 
licles, atretic follicles, small cysts, and clusters of 
hilar cells in adults (Fig. 2.4). These gonads are 
characteristic of Turner’s syndrome with chro- 
mosomal mosaicism and of 46,XX pure gonadal 
dysgenesis patients (Figs. 2.5 and 2.6). 


Hypoplastic Ovary The gonads are ovoid 
shaped, whitish, and have a smooth surface. 
Histologically, they show isolated primordial fol- 
licles, some primary follicles, and sometimes 
developing follicles. It is the characteristic gonad 
of 46,XX pure gonadal dysgenesis and also can be 
observed in some patients with ovotesticular DSD. 


Streak Gonad with Epithelial Cord-Like 
Structures Macroscopically these gonads resem- 
ble the classical streak gonads, but their histologi- 
cal structure is completely different. Instead of 
isolated follicles, cellular cords are observed in an 
ovarian-like stroma. These cords do not have a spe- 
cific spatial orientation, but they are anastomosing 
and branching. Their thickness is very variable. 
Histologically, they are formed by two cell types, 
pre-Sertoli cells and germ cells. The pre-Sertoli 
cells are the most numerous and notable for their 
small and hyperchromatic nucleus. They are sup- 
ported by a basal membrane of varying thickness. 
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Fig. 2.4 Classical streak 
gonad. Beside the rete 
ovarii cavities, there is a 
cluster of hilar cells 
surrounding a vessel 


Fig. 2.5 Classical streak 
gonad in a 46,XX pure 
gonadal dysgenesis 
patient 


Germ cells resemble gonocytes. They are located 
inside the epithelial cords or isolated in the stroma 
and have a large, vesicular nucleus, a central nucle- 
olus, and a pale cytoplasm. Epithelial cells are 
strongly positive for cytokeratins AE1/AE3, mod- 
erately positive for inhibin and D240, and weak to 
AMH. The immunophenotype of germ cells is as 
follows: OCT3/4 +, c-Kit +, PLAP +, TSPY + 
(testis-specific protein Y-encoded), and VASA +. It 
is the characteristic gonad of 46,XY pure gonadal 
dysgenesis or Swyer syndrome. 


Set 
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“y 
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Dysgenetic Testis They are small testes formed by 
a solid tubular grouping in the center of the gonad 
and a peripheral area in which the tubules are scarce 
and separated by an abundant stroma. The tunica 
albuginea is poorly collagenized, and the border 
with the testicular parenchyma is not well delimited. 
Its structure recalls the ovarian cortex. The seminif- 
erous tubules of the peripheral zone are often anasto- 
mosed and extend through the tunica albuginea until 
contacting the surface. Sertoli cells of the peripheral 
tubules express calretinin plus inhibin and AMH. The 


2.4 True Agonadism 


Fig. 2.6 Classical streak 
gonad in 46,XX pure 
gonadal dysgenesis 
patient. Areas of 
eosinophilic very 
collagenized fibrosis 
immersed in a swirling 
stroma are shown 


germ cell phenotype is VASA +, TSPY +, and 
D2-40 +, and a subpopulation is OCT3/4 +, c-Kit +, 
and PLAP +. In dysgenetic testis of postpubertal 
patient’s incomplete maturation of Sertoli cells, the 
absence of spermatogenesis and the hyperplasia of 
the Leydig cells are observed. The testicles retain the 
stroma similar to ovarian stroma in peripheral areas. 
In many cases in situ germ cell neoplasia is observed. 
This gonad is observed in three syndromes: mixed 
gonadal dysgenesis (Sohval’s syndrome), male dys- 
genetic pseudohermaphroditism, and Mtillerian duct 
persistence syndrome (male with uterus). 


Streak Testis This gonad comprises two areas, 
the bulkier one corresponds to a dysgenetic testis, 
and the other one is an elongated structure con- 
tinuous with the testicular tunica albuginea. It 
can contain epithelial cords with germ cells in 
some cases, ovarian follicles in others, or no 
germ cells at all. It can be seen in the same group 
of patients with dysgenetic testis. 


Ovotestis This is a gonad containing testicular 
and ovarian tissue. It may take the form of a 
bilobed structure with separation of the testicular 
and the ovarian parenchyma, or else it may con- 
stitute a single structure standing ovarian paren- 
chyma as a half moon over the testicle. It is a 
gonad characteristic of the ovotesticular DSD. 
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Structurally Normal Testes They are architec- 
turally well-formed testicles but with abnormali- 
ties at the level of the seminiferous tubules 
(defects in Sertoli cells and germ) or in the 
Leydig cells. Their evaluation in childhood 
requires quantitative studies and immunohisto- 
chemical markers. Morphological details allow 
to individualize different entities. The absence of 
Leydig cells suggests defect receptivity to LH; 
persistence of clusters of microvacuolated fetal 
Leydig cells suggests lipoid congenital adrenal 
hyperplasia due to STAR mutations, androgen 
insensitivity, and a 5-alpha-reductase defect. For 
deeper knowledge of this pathology and postpu- 
bertal changes of these testicles, see Chap. 13 
(Testicular Dysgenesia Syndrome) and Chap. 18 
(Chromosomal Abnormalities and Infertility). 


2.44 True Agonadism 

True agonadism is defined by the absence of gonads 
in phenotypically female patients. It was first 
described in two sisters by Overzier and Linden 
[12]. The most common karyotype is 46,XY, rarely 
46,XX. It can occur sporadically or as a family trait. 
Inheritance is autosomal recessive [13]. The com- 
plaint is short height, lack of breast development, or 
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amenorrhea. The internal genitalia, depending on 
the time when the gonad disappeared, can be female 
or persist as Mtillerian or Wolffian remnants. In 
some cases the cause is heterozygous WT1 muta- 
tion [14] or a Y-chromosome structural rearrange- 
ment [15], but in most cases it remains unknown. 
Agonadism can be associated with various syn- 
dromes: PAGOD (acronym for hypoplasia of the 
lung and pulmonary artery, agonadism, omphalo- 
cele/diaphragmatic defect, dextrocardia) [16], 
Kennerknecht’s [13], Seckel’s [17], and Charge’s 
syndromes [18]. Patients with testicular regression 
syndrome usually show male internal genitalia and 
a variable grade of external genitalia development 
related to the moment of testicular involution. 


2.5 Gonadal Dysgenesis 
with Classical Streak Gonad 
2.5.1 Turner’s Syndrome 


Patients with Turner’s syndrome are phenotypi- 
cally short women with sexual childishness, streak 
gonads, and numerous dysmorphic signs such as a 
low hairline, a triangular face, a high-arched pal- 
ate, a small mandible, a webbed neck, a broad 
chest with widely spaced nipples, cubitus valgus, 
short four metacarpals, multiple pigmented nevi, 
congenital lymphedema of hands and feet, and 
cardiac and renal anomalies [19]. The incidence is 
1:2500 live born females. The etiology of Turner’s 
syndrome in 50—60 % of cases is the chromosome 
monosomy 45,X0, whereas the remaining patients 
display other chromosome anomalies with or 
without mosaicism [20]. 

Patients with X monosomy have female devel- 
opment. The gonads are the classic streak gonads 
that consist of ovarian-like stroma. Clusters of 
hilar cells and rete ovarii cysts can be observed in 
adults. Gonads develop normally until the third 
month of fetal life. From that moment gonocytes 
begin to disappear due to widespread meiotic 
pairing errors. Apoptosis of germ cells is maxi- 
mal between 15 and 20 weeks of pregnancy. The 
majority of the oocytes have disappeared at birth. 
Only 3 % of patients in adulthood have ovarian 
follicles that are responsible for the presence of 


menses for a short period of time. Keep in mind 
that a 45,X0 karyotype in peripheral blood leuko- 
cytes does not preclude the coexistence of a 
mosaic 45,X0/46,XY in the gonad. In these cases 
the gonadal function remains better preserved. 
The prevalence of Y-chromosome sequences in 
patients who present with a nonmosaic 45,X0 
karyotype is 6-11 % [21]. 

The most frequent chromosomal mosaicism in 
Turner’s syndrome is 45,X0/46,XX. Karyotypes 
45,X0/47,XXX; 45,X0/46,XX/47,XXX, and 
45,X0/46,XY are rare [22]. Patients with mosaic 
45,X0/46,XX present important differences as 
compared with 45,X0 patients. They are taller, 
they have spontaneous puberty (menarche 12 %), 
and their fertility is more frequent than in the 
monosomy 45,X0. Eighteen percent have breast 
development compared to 5 % of 45,X0 patients. 
Pregnancies either spontaneous or after oocyte 
donation have been reported although with high 
rates of miscarriages and fetal anomalies (intra- 
uterine growth restriction, low birth weight, 
prematurity) and important maternal complica- 
tions [23]. 

Patients with Turner’s syndrome and 
Y-chromosomal material have a high risk of 
developing a germ cell tumor in their gonads 
(10-30 %) which makes it imperative to carry out 
molecular studies and FISH, in addition to the 
classic cytogenetic studies. Gonadoblastoma is 
the most common tumor. In these patients gonad- 
ectomy with or without prophylactic salpingec- 
tomy is recommended [24]. Prolonged estrogen 
treatments are also a risk for endometrial carci- 
noma [25]. 


2.5.2 46,XX Pure Gonadal 
Dysgenesis 


Patients with this syndrome have a female pheno- 
type with absence of spontaneous pubertal devel- 
opment, primary amenorrhea, normal height, 
absence of turner stigma and hypergonadotropic 
hypogonadism as a result of primary gonadal 
failure. The presentation can be sporadic or 
genetic [26]. 46,XX pure gonadal dysgenesis is 
caused by autosomal mutations in the genes 
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encoding the follicle-stimulating hormone (FSH) 
receptor, WNT4, R-Spondin, PSMC3IP, MCM9, 
MCM8, STAG3, SYCEl,and NUP107 or by 
X-linked recessive mutations in BMP15 [27]. 
The internal genitalia consist of uterus and streak 
gonads or severe ovarian hypoplasia. 

The risk of developing tumors, not being car- 
riers of Y-chromosome sequences, is low, and 
only isolated cases of gonadoblastoma and dys- 
germinoma have been observed. So the need for 
bilateral gonadectomy is questioned [28]. 

46,XX pure gonadal dysgenesis is associated 
with the following anomalies: neurosensory 
hearing loss (Perrault’s syndrome) [29], achon- 
droplasia [30], and fatal lung fibrosis with immu- 
nodeficiency [31]. 
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Clinical Syndromes Associated 
with Streak Gonads with Epithelial 


Cords 
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3.1 46,XY Gonadal Dysgenesis 

This disorder is also known as Swyer syndrome [1]. 
It is a disorder of sexual development (DSD) in 
which patients with 46,XY chromosomal constitu- 
tion have a female phenotype and absence of Turner 
stigmata. Most patients with 46,XY gonadal dys- 
genesis are sporadic. In some family cases, the 
inheritance may be X chromosome-linked recessive, 
autosomal dominant limited to the male in other 
cases, or even autosomal recessive in other patients 
[2]. Two variants of 46,XY gonadal dysgenesis, 
complete and incomplete, are distinguished. 


Complete 46,XY Gonadal Dysgenesis The 
external genitalia are female with or without 
labia fusion and clitoral hypertrophy, and the 
internal genitalia include the vagina, uterus, 
Fallopian tubes, and fibrous tracts. Its estimated 
incidence is 1:80,000 births [3]. The diagnosis is 
usually made after adolescence. Patients consult 
for primary amenorrhea and delayed puberty. 
They develop hypergonadotropic hypogonadism 
with low estrogen levels, high stature, and poor 
development of axillary and pubic hair. 
Pregnancies have been achieved after treatment 
with estrogen and egg donation. 
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The etiology of this disorder is known in only 
10-15 % of cases. Mutations and deletions in the 
SRY gene have been identified [4] and in a small 
number of cases also DHH gene mutation, dupli- 
cation of DAXI/ (also known as NROB/) and 
WNT4 genes, as well as haploinsufficiency of the 
SOX9, SF1, WT1, and WMRT1-WMRT2 genes [5]. 


Incomplete (Partial) 46,XY Gonadal 
Dysgenesis It is characterized by ambiguity of 
the external genitalia ranging from a female phe- 
notype with clitoromegaly to a male phenotype in 
patients with 46,XY karyotype. In most cases 
(80 %), no mutations in major genes required for 
gonadal development, SRY and WT1, are observed 
[6]. Some cases associated with NR5AJ mutation 
have been reported [7]. 

Patients may or may not have uterus and 
Fallopian tubes. Most of them grow up as males, 
have a spontaneous puberty, develop hypergo- 
nadotropic hypogonadism, and are infertile [8]. 


Pathology of 46,XY Gonadal Dysgenesis The 
histology of the gonads is quite varied. Patients 
with female phenotype and clitoromegaly often 
have incipient ovarian differentiation with classic 
streak gonads and hilar cells [9] or hypoplastic 
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Fig. 3.1 Streak gonad 
with epithelial cords in a 
patient with incomplete 
(partial) 46,XY gonadal 
dysgenesis. The epithelial 
cords may go unnoticed 
when observed at low 
magnification 


Fig. 3.2 Streak gonad 
with epithelial cords is 
immunostained for AE1/ 
AE3 cytokeratin. The 
epithelial cords extend 
throughout the thickness 
of the gonad. They are 
thicker and anastomosing 
in the deeper zone 


ovaries. Gonads showing differentiation toward 
testis as streak gonads with epithelial cords pre- 
dominate in patients with ambiguous genitalia. 
Epithelial cells are strongly positive for cytokera- 
tins AE1/AE3, moderately positive for inhibin 
and D2-40, and weak to AMH (Figs. 3.1, 3.2, 3.3, 
and 3.4). There are cases of partial 46,XY 
gonadal dysgenesis with ambiguous external 
genitalia, well-developed Miillerian structures 
coexisting with testicles similar to dysgenetic 
testes. This situation has been interpreted as a 
decoupling in time between the time of AMH and 


testosterone production and maximum respon- 
siveness of target structures [10]. Patients with 
complete 46,XY gonadal dysgenesis and absence 
of internal genitalia, whose gonads were testicles 
with Sertoli cell only, have also been reported. In 
some of these patients, NR5A/ gene mutation has 
been shown [11]. 

The tumor risk is very variable — it is esti- 
mated at 5 % during the first decade of life and 
between 25-30 % throughout life [12]. In princi- 
ple, gonadectomy as soon as the diagnosis is 
made seems desirable. The most common tumors 


3.1 46,XY Gonadal Dysgenesis 


Fig. 3.3 Streak gonad 
with epithelial cords. 
Many cells in epithelial 
cords show 
immunoexpression for 
inhibin 


at 


Mies 


f 


Fig. 3.4 Streak gonad 
with epithelial cords. The 
cells in cords that are 
negative for inhibin are 
germ cells (the majority 
gonocytes). Germ cells 
show immunoexpression 
for PLAP 


are gonadoblastomas (Fig.3.5), dysgerminomas 
(Fig.3.6), teratoma, and choriocarcinoma [13, 
14]. In case the gonads are testes and are lodged 
in labioscrotal folds, provided the follow-up is 
assured, they can be maintained until puberty. 
The presence of germinal tumors has been asso- 
ciated in some cases with the development of a 
peripheral precocious puberty [15]. 


Extragonadal Anomalies in 46,XY Gonadal 
Dysgenesis The most common forms are 
campomelic dysplasia and renal disorder; myo- 
tonic dystrophy plus renal disease; progressive 
renal insufficiency (Frasier syndrome); associ- 
ated renal insufficiency and Wilms tumor (Denys- 
Drash syndrome); mental retardation with or 
without facial anomalies and with or without 
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Fig. 3.5 Streak gonad of 
a Swyer syndrome 
patient. The streak gonad 
shows numerous oval 
formations of different 
sizes characteristic of 
gonadoblastoma. One 
nodular formation with 
extensive calcification of 
geographical boundaries 
can be identified in the 
central part of the figure 


Fig. 3.6 Streak gonad of 


a Swyer syndrome patient. 


The streak gonad is 
markedly thickened. The 
outer half moon corre- 
sponds to a dysgermi- 
noma. At the bottom 
standout numerous 
calcifications in which 
remains of a gonadoblas- 
toma are still recognized 
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short height; cleft palate, micrognathia, kypho- 
scoliosis and clubfoot (Gardner-Silengo-Wachtel 
syndrome or genito-palato-cardiac syndrome); 
pterygium multiple syndrome; Graves’ disease; 
congenital universal alopecia, microcephalia, 
cutis marmorata, and short height; and peripheral 
neuropathy among others [16]. 


3.2 Syndromes Associated 
with 46,XY Gonadal 
Dysgenesis 

3.2.1 Denys-Drash Syndrome 


Denys-Drash syndrome was described as the 
association of pseudohermaphroditism, nephro- 
blastoma, and glomerular disease in patients with 
46,XY karyotype [17]. Patients may have from 
external female genitalia to male genitalia with 
perineal hypospadias and undescended testes. The 
most common nephropathy is diffuse mesangial 
sclerosis, which causes rapid renal failure [18]. 

In most cases, this syndrome is produced by 
point mutations in exons 6-9 and 6-9 introns of 
the Wilms tumor suppressor gene (W71) [19, 20]. 
WTI gene is expressed in the gonadal ridge in the 
sixth week of embryonal development. Gene 
mutations lead to the abnormal development of 
kidneys and gonads leading to a diffuse mesangial 
sclerosis, gonadal dysgenesis, and increased risk 
of Wilms tumor. 

It may present with different clinical manifes- 
tations, 46,XY gonadal dysgenesis [21], mixed 
gonadal dysgenesis [22], and dysgenetic male 
pseudohermaphroditism, and there are even cases 
of ovotesticular DSD. 

Mutations of WT can give rise to streak gonads 
with epithelial cords in most cases [23] followed 
in a few cases by testes [24] and, if a delay in tes- 
ticular determination occurs, normal testes. 


3.2.2 Frasier Syndrome 
The Frasier syndrome is a rare inherited disease 


characterized by a steroid-resistant nephrotic 
syndrome (focal and segmental glomerulosclero- 


sis), gonadal tumor, and male pseudohermaphro- 
ditism. These patients do not have a predisposition 
toward Wilms tumor. 

Eighty percent of patients are characterized by 
external female genitalia with 46,XY karyotype, 
10 % with male external genitalia with 46,XY, 
and 10 % with female external genitalia with 
46,XX. In the first two groups (patients with 
46,XY), gonads are formed by structures with tes- 
ticular differentiation such as streak gonads with 
epithelial cords or even testes. In the third group 
(patients 46,XX), classic streak gonads or hypo- 
plastic ovaries are observed. Patients with 46,XY 
and female external genitalia have a high risk of 
germ cell tumor (67 %), which is not the case in 
patients with 46,XX whose risk is very low [25]. 

Similarly to the Denys-Drash syndrome, the 
Frasier syndrome is caused by mutations in the 
WTI gene, which differs in renal injury. In this case, 
it is a focal segmental glomerulosclerosis, with no 
predisposition to Wilms tumor, and increased risk 
for germ cell tumor in the gonads. Since some 
symptoms overlap with the Denys-Drash syndrome, 
some authors consider both syndromes part of the 
same spectrum and not two different entities. 

Although most males with Frasier syndrome 
have the typical male chromosome pattern 
(46,XY), they have gonadal dysgenesis, in which 
external genitalia do not look either clearly male 
or clearly female (ambiguous genitalia), or else 
the genitalia appear to be completely feminine. 
The gonads are typically undeveloped and 
referred to as streak gonads [26]. 


3.2.3 WARG Syndrome 


The acronym WARG for this syndrome means 
Wilms tumor (W), aniridia (A), genitourinary 
anomalies (G), and mental retardation (R). The 
prevalence of the WARG syndrome is 1:500,000 
to 1:1,000,000, and the prevalence of Wilms 
tumors is 7:1000. Most cases are identified in 
childhood due to sporadic aniridia. Patients with 
aniridia have a 45-60 % chance to develop 
Wilms tumor. Patients with female phenotype 
often have bicournuate uterus and streak gonads. 
Affected males have undescended testes [27]. 
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The cause of the symptoms of this syndrome 
is the loss of multiple genes located on the short 
arm of chromosome 11 [28, 29]. WAGR syn- 
drome is described as a contiguous gene deletion 
syndrome because it results from the loss of sev- 
eral genes neighboring — and including — WT] 
and PAX6 [30]. 


3.2.4 Campomelic Dysplasia 


This is a serious genetic disorder that affects the 
development of the skeleton and the genitalia. It 
is characterized by the following symptoms: 
bowed long bones, particularly the femur and the 
tibia, winged scapulae, fewer ribs, narrow iliac 
wings, clubbed feet, the Robin’s sequence, and 
ambiguous genitals. The incidence is estimated at 
0.5-1 for every 100,000 live newborns. Two- 
thirds of patients with 46,XY constitution have 
ambiguous or female external genitalia [31]. The 
gonadal histology includes streak gonads [32], 
testis [33], ovarian hypoplasia [34], and even 
ovotestes [35]. 

In 90 % of cases, the disease is the result of 
mutations in gene SOX9, and in 5 % there are par- 
tial or complete deletions of 17q24.3-25.1. This 
gene encodes a transcription factor which is a 
gene with pleiotropic effects on ossified cartilage 
and testes [36]. Death usually occurs by respira- 
tory insufficiency during the neonatal period. 
Only 5-10 % of the patients survive. The disorder 
is inherited in an autosomal dominant manner, but 
in most cases, the mutation is de novo in the fam- 
ily. The risk of gonadoblastoma is low [37]. 


References 


1. Swyer GIM, Phil D. Male pseudohermaphroditism: a 
hitherto undescribed form. Br Med J. 1955;2:709-12. 

2. Simpson JL, Blagowidow N, Martin AO. XY gonadal 
dysgenesis: Genetic heterogeneity based upon clini- 
cal observations, H-Y antigen status and segregations 
analysis. Hum Genet. 1981;58:91-7. 

3. Lee DG, Han DH, Park KH, Baek M. A novel 
WTI gene mutation in a patient with Wilms’ tumor 
and 46, XY gonadal dysgenesis. Eur J Pediatr. 
2011;170:1079-82. 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


. Andonova S, Robeva R, Sirakov M, Mainhard K, 


Tomova A, Ledig S, Kumanov P, Savov A. A novel 
SRY gene mutation p.F109 L in a 46,XY female with 
complete gonadal dysgenesis. Sex Dev. 2015;9:333-7. 


. King TF, Conway GS. Swyer syndrome. Curr Opin 


Endocrinol Diabetes Obes. 2014;21:504—10. 


. Tagliarini EB, Assumpcao JG, Scolfaro MR, Mello 


MP, Marciel-Guerra AT, Guerra Junior G, Hackel 
C. Mutations in SRY and WTI genes required 
for gonadal development are not responsible for 
XY partial gonadal dysgenesis. Braz J Med Res. 
2005;38:17-25. 


. Pedace L, Laino L, Preziosi N, Valentini MS, 


Scommegna S, Rapone AM, Guarino N, Boscherini B, 
De Bernardo C, Marrocco G, Majore S, Grammatico 
P. Longitudinal hormonal evaluation in a patient 
with disorder of sexual development, 46,XY karyo- 
type and one NRSAI mutation. Am J Med Genet A. 
2014;164A:2938-46. 


. Gabriel Ribeiro de Andrade J, Marques-de-Faria AP, 


Fabbri HC, de Mello MP, Guerra-Juinior G, Maciel- 
Guerra AT. Long-term follow-up of patients with 
46,XY partial gonadal dysgenesis reared as males. Int 
J Endocrinol. 2014;2014:480724. 


. Zarate A, Karchmer S, Esteves R, Teter J. Gonadal dys- 


genesis with isolated clitoromegalia, XY karyotype, 
and bilateral gonocytoma with massive Leydig cell 
hyperplasia. Am J Obstet Gynecol. 1971;110:875-8. 
Fuqua JS, Sher ES, Perlman EJ, Urban MD, 
Ghahremani M, Pelletier J, Migeon CJ, Brown TR, 
Berkovitz GD. Abnormal gonadal differentiation in 
two subjects with ambiguous genitalia, Miillerian 
structures, and normally developed testes: evidence 
for a defect in gonadal ridge development. Hum 
Genet. 1996;97:506-1 1. 

Werner R, Monig I, August J, Freiberg C, Liinstedt 
R, Reiz B, Wünsch L, Holterhus PM, Kulle A, 
Döhnert U, Wudy SA, Richter-Unruh A, Thorns C, 
Hiort O. Novel insights into 46,XY disorders of sex 
development due to NR5A1 gene mutation. Sex Dev. 
2015;9:260-8. 

Ramani P, Yeung CK, Habeebu SSM. Testicular intra- 
tubular germ cell neoplasia in children and adolescents 
with intersex. Am J Surg Pathol. 1993;17:1124-33. 
Michala L, Goswami D, Creighton SM, Conway 
GS. Swyer syndrome: presentation and outcomes. 
BJOG. 2008;115:737-41. 

Du X, Zhang X, Li Y, Han Y. 46,XY female sex rever- 
sal syndrome with bilateral gonadoblastoma and dys- 
germinoma. Exp Ther Med. 2014;8:1102-4. 

Santalha M, Amaral B, Pereira J, Ribeiro L, Joao 
Oliveira M, Figueiredo S, Cardoso H, Peixoto C, 
Borges T, Cidade-Rodrigues JA. Peripheral preco- 
cious puberty: 46, XY complete gonadal dysgenesis. 
An Pediatr (Barc). 2014;81:246—50. 

Nistal M, Paniagua R, Gonzdlez-Peramato P, Reyes- 
Múgica M. Perspectives in pediatric pathology, 
Chapter 5. Gonadal dysgenesis. Pediatr Dev Pathol. 
2015;18:259-78. 


References 


23 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


Drash A, Sherman F, Hartmann WH, Blizzard RM. 
A syndrome of pseudohermaphroditism, Wilms’ 
tumor, hypertension, and degenerative renal disease. 
J Pediatr. 1970;76:585-93. 

Nso Roca AP, Peña Carrión A, Benito Gutiérrez 
M, Garcia Meseguer C, Garcia Pose A, Navarro 
M. Evolutive study of children with diffuse mesangial 
sclerosis. Pediatr Nephrol. 2009;24:1013-9. 

Niaudet P, Gubler MC. WT1 and glomerular diseases. 
Pediatr Nephrol. 2006;21:1653-60. 

Furtado LV, Pysher T, Opitz J, Lamb R, Comstock J, 
Batish S, Mauch T, Nelson R, Zhou H. Denys-Drash 
syndrome with neonatal renal failure in monozygotic 
twins due to c.1097G>A mutation in the WT1 gene. 
Fetal Pediatr Pathol. 201 1;30:266-72. 

McTaggart SJ, Algar E, Chow CW, Powell HR, Jones 
CL. Clinical spectrum of Denys-Drash and Frasier 
syndrome. Pediatr Nephrol. 2001;16:335-9. 

Shapiro O, Welch TR, Sheridan M, Stred S, Upadhyay 
J. Mixed gonadal dysgenesis and Denys-Drash syn- 
drome: urologists should screen for nephrotic syn- 
drome. Can J Urol. 2007;14:3767-9. 

Coppes MJ, Huff V, Pelletier J. Denys-Drash syn- 
drome: relating a clinical disorder to genetic altera- 
tions in the tumor suppressor gene WT1. J Pediatr. 
1993;123:673-8. 

Clarkson PA, Davies HR, Williams DM, Chaudhary 
R, Hughes IA, Patterson MN. Mutational screening 
of the Wilms’s tumor gene, WT1 in males with genital 
abnormalities. J Med Genet. 1993;30:767-72. 

Ezaki J, Hashimoto K, Asano T, Kanda S, Akioka Y, 
Hattori M, Yamamoto T, Shibata N. Gonadal tumor in 
Frasier syndrome: a review and classification. Cancer 
Prev Res (Phila). 2015;8:27 1-6. 

Gwin K, Cajaiba MM, Caminoa-Lizarralde A, Picazo 
ML, Nistal M, Reyes-Mugica M. Expanding the clini- 
cal spectrum of Frasier syndrome. Pediatr Dev Pathol. 
2008;11:122-7. 

Fischbach BV, Trout KL, Lewis J, Luis CA, Sika 
M. WAGR syndrome: a clinical review of 54 cases. 
Pediatrics. 2005;116:984-8. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


3T 


Riccardi VM, Sujansky E, Smith AC, Francke U. 
Chromosomal imbalance in the Aniridia-Wilms’ 
tumor association: | 1p interstitial deletion. Pediatrics. 
1978;61:604-10. 

Andrade JG, Guaragna MS, Soardi FC, Guerra-Junior 
G, Mello MP, Maciel-Guerra AT. Clinical and genetic 
findings of five patients with WT 1-related disorders. 
Arq Bras Endocrinol Metabol. 2008;52:1236—-43. 
Sinha A, Sharma S, Gulati A, Sharma A, Agarwala 
S, Hari P, Bagga A. Frasier syndrome: early gonado- 
blastoma and cyclosporine responsiveness. Pediatr 
Nephrol. 2010;25:2171-3274. 

Dahdaleh NS, Albert GW, Hasan DM. Campomelic 
dysplasia: a rare cause of congenital spinal deformity. 
J Clin Neurosci. 2010;17:664-6. 

Lecointre C, Pichon O, Hamel A, Heloury Y, 
Michel-Calemard L, Morel Y, David A, Le Caignec 
C. Familial acampomelic form of campomelic dyspla- 
sia caused by a 960 kb deletion upstream of SOX9. 
Am J Med Genet A. 2009;149A:1183-9. 

Chen SY, Lin SJ, Tsai LP, Chou YY. Sex-reversed 
acampomelic campomelic dysplasia with a homo- 
zygous deletion mutation in SOX9 gene. Urology. 
2012;79:908-11. 

Foster JW, Dominguez-Steglich MA, Guioli S, Kwok 
C, Weller PA, Stevanović M, Weissenbach J, Mansour 
S, Young ID, Goodfellow PN, et al. Campomelic dys- 
plasia and autosomal sex reversal caused by muta- 
tions in an SRY-related gene. Nature. 1994;372: 
525-30. 

Beaulieu Bergeron M, Lemyre E, Rypens F, Scherer 
G, Lemieux N, Fournet JC. Diagnosis of true her- 
maphroditism in a fetus with acampomelic campo- 
melic dysplasia. Prenat Diagn. 2009;29:528-30. 
Kobayashi A, Chang H, Chaboissier MC, Schedl A, 
Behringer RR. Sox9 in testis determination. Ann N Y 
Acad Sci. 2005;1061:9-17. 

Hong JR, Barber M, Scott CI, Guttemberg M, 
Wolfson PJ. Three-year-old phenotypic female with 
campomelic dysplasia and bilateral gonadoblastoma. 
J Pediatr Surg. 1995;30:1735-7. 


Clinical Syndromes Associated 
with Dysgenetic Testis 


Manuel Nistal, Pilar Gonzalez-Peramato, and 


Alvaro Serrano 


4.1 Introduction 

Until the sixth week of gestation, the gonads of 
both sexes are indistinguishable. When the 
chromosome constitution is 46,XY, the testes 
develop due to the effect of the SRY gene. At 
sixth to seventh week of development 
(8-9 weeks of gestation), Sertoli cells starting to 
produce AMH are recognized. AMH is a large 
glycoprotein that acts locally by diffusion caus- 
ing regression of the Miillerian ducts between 
56 and 62 days after fertilization. The whole 
process must be finished by day 77, after which 
the Miillerian ducts become insensitive to AMH 
[1]. A proper functioning prevents the develop- 
ment of the uterus, Fallopian tubes, and proxi- 
mal vagina. Another important function of 
AMH is the correct formation of the tunica albu- 
ginea with a stroma with bundles of cells and 
fibers parallel to the surface with a sharp bound- 
ary between it and the testicular parenchyma 
planes. Sertoli cells stimulate differentiation of 
Leydig cells. The Leydig cells produce andro- 
gens that induce differentiation of Wolff ducts 
in epididymis, vas deferens, ejaculatory ducts, 
and seminal vesicles. Differentiation of the 
external genitalia begins around the ninth week 
of gestation and is under the influence of andro- 
gens, mainly dihydrotestosterone. 
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4.2 Mixed Gonadal Dysgenesis 

The asymmetrical gonadal differentiation was 
first observed in 1962 by Bergada [2]. A year 
later, Sohval [3] proposed the term mixed gonadal 
dysgenesis to what is now known as DSD charac- 
terized by the presence in the same patient of a 
streak gonad on one side and dysgenetic testis on 
the opposite. The incidence is estimated at 15 % 
of DSD in 0.23/1000 amniocentesis or 1.7 per 
10,000 newborn babies [4, 5]. 


Etiology The most frequent karyotype is 
45,X/45,XY (55.6 % of patients) [6]. Other 
observed karyotypes are 46,XY (13.6 %), and 
45,X/47,XYY [7], 45,X/46,XX/46,XY, 45,X/46, 
XYq-, 45,X/46,XYp-, 45,X/46,X add (Y) 
(p11.3), and 45,X/46,X dic (Yp). More than 80 % 
of patients bear Y chromosome [8]. Mutations in 
SRY gene have not been reported. The complex- 
ity of karyotypes is even higher in peripheral 
blood and gonadal tissue. 45,X/46,XY is pro- 
duced by chromosome loss and due to nondis- 
junction subsequent to the normal disomic 
fertilization. In patients with 45,X/46,XY, there 
are two cell lines, one with monosomy X (45,X) 
and one with a normal male constitution (46,X Y). 
The distribution of each line in the various tissues 
determines the variety of phenotypes. 
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Clinically The phenotype is very heterogeneous. 
There are three situations. Patients with male phe- 
notype can first consult for infertility, patients with 
ambiguous genitalia and female phenotype, and 
patients with or without short height and Turner’s 
syndrome. Patients with 45,X/46,XY and normal 
male external genitalia, probably due to domi- 
nance of the line 46,XY, have bilateral testes [9]. 
They consult for infertility and azoospermia. Some 
patients have structural Y chromosome abnormali- 
ties, including deletions of the AZF region. 
Spermatogenesis has been observed in other 
patients [10]. Cryptorchidism and hypospadias are 
frequent. Patients with 45,X/46,XY and ambigu- 
ous external genitalia are subject to study in the 
postnatal stage. The gonads are usually dysgenetic 
testis or streak gonad in one side and dysgenetic 
testis in the contralateral side [11]. Patients with 
45,X/46,XY and female phenotype may be indis- 
tinguishable from patients 45,X, which have been 
linked to the predominance of the line 45,X. In 
these patients, both gonads are streak gonads. 
Other common diseases are heart and kidney 
abnormalities [12]. 


Histology Gonads can be of three types: dysge- 
netic testis, streak testis, and streak gonads. In the 
streak testis, the degree of development of streak 


Fig. 4.1 Mixed gonadal 
dysgenesis. Streak gonad 
with epithelial cords. 
Germ cells stand out by 
their pale cytoplasm in a 
stroma reminiscent of 
ovarian stroma 
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gonad is highly variable from a classic streak 
gonad with or without isolated ovarian follicles 
to a streak gonad with epithelial cords (Fig. 4.1). 
When the streak gonad contains ovarian follicles, 
it should be considered ovotestis instead of streak 
testis, but given the clinically limited functional- 
ity of ovarian differentiation, there is a tendency 
not to include these patients in ovotesticular 
DSD. 

The internal genitalia are usually aligned with 
the nature of the ipsilateral gonad. Coincident 
with the streak gonad, in 95 % of cases, there is a 
Fallopian tube. And if the opposite side shows a 
dysgenetic testis besides epididymis and vas def- 
erens, a Fallopian tube can be observed in 74 % 
of cases. The degree of development of the tes- 
ticular parenchyma is related to the degree of 
Miillerian duct regression [13]. Gonads in mixed 
gonadal dysgenesis are lacking the ability to 
inhibit the growth of the Miillerian duct, acquire 
a complete differentiation of the Wolffian ducts, 
properly virilize the external genitalia, promote 
testicular descent, and develop spermatogenesis. 
Tumors The of in 


incidence tumors 


45,X/46,XY patients is estimated to be between 
15 % and 20 % [11]. The most common tumor is 
gonadoblastoma, although all germ cell tumors 
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except spermatocytic tumor have been observed, 
including specialized gonadal stromal tumors 
such as juvenile granulosa cell tumor. The 
majority of tumors occur during the second 
decade of life. 

There are no guidelines for management of 
these patients. Conservative attitudes are rec- 
ommended in patients with male phenotype. 
Also, histological verification of the nature of 
the gonads and, in the case of being testes per- 
form orchidopexy, teaching testicular self- 
examination and _ performing ultrasound 
annually are suggested. In the case of ambigu- 
ous external genitalia and in patients with 
female phenotype, gonadectomy should be con- 
sidered [14]. 


4.3 Dysgenetic Male 


Pseudohermaphroditism 


This is a DSD characterized by the presence in a 
patient of two dysgenetic testis or streak testis, 
Miillerian derivatives, cryptorchidism, incom- 
plete virilization, and in some cases Turner stig- 
mata. This disorder was described by Federman 
in 1967 [15], and it is considered a variant of the 
mixed gonadal dysgenesis. The most common 
karyotypes are 46,XY and 45,X/46,XY [16]. In 
childhood, and additionally to the characteristic 
anomalies of the tunica albuginea, the dysgenetic 
testes have a decreased tubular diameter, an 
increased number of Sertoli cells, and a diminu- 
tion of the germ cells. In adulthood, only some 
patients develop spermatogenesis, and this is very 
low. The interstitium shows Leydig cell hyperpla- 
sia. The tumor risk is very high (46 %) [17]. 


4.4 Persistent Millerian Duct 


Syndrome (PMDS) 


PMDS is a syndrome characterized by the 
presence of Miillerian structures in patients 
with normal male genotype and phenotype. It 
was described by Nilson in 1939 [18] and 
called hernia uteri inguinalis. Since then, 262 
cases have been reported [19]. The syndrome 


27 


may be sporadic or inherited in an autosomal 
recessive manner in some cases [20] and X 
linked in others [21]. 


Etiology The molecular basis is heteroge- 
neous. The following hypothesis has been pro- 
posed: In 45 % of cases, it could be due to a 
mutation in the AMH gene located on the short 
arm of chromosome 19 [22]. In 39 % of cases, it 
is a resistance to AMH in the target organs due 
to a deficit of the type II receptor of this hor- 
mone located on chromosome 12 [23]. In these 
cases, the AMH hormone is high. In the remain- 
ing cases (16.5 %), the cause could be a mis- 
match between the time of onset of secretion 
and maximum responsiveness. 


Clinical Findings Patients with PMDS are often 
asymptomatic. The most frequent reasons for 
consultation are inguinal hernia, cryptorchidism, 
infertility, and tumor. Cryptorchidism in 25 % of 
cases is unilateral and 75 % bilateral. The situa- 
tion of the testes and the associated pathology are 
varied, but most cases can be included in the 
following three groups [24]: 


1. Patients with bilateral abdominal cryptorchi- 
dism (60-70 % of cases). The testes are 
located in a similar position as that of the ova- 
ries; each has epididymis, vas deferens, and a 
Fallopian tube and is accompanied by a cen- 
trally located hypoplastic uterus [25]. 

2. Patients with unilateral cryptorchidism 
(20-30 %). The contralateral testis is placed in 
a hernia sac or scrotum, and there is a Fallopian 
tube and a uterus adhered to it [26]. 

3. Patients with transverse testicular ectopy 
(10 %). Both testes share the same scrotal bag 
inside a hernia sac. The bag also contains a 
Fallopian tube and a uterus [27] (Fig. 4.2). 


Histology The most characteristic feature 
observed in both childhood and adulthood is the 
abnormal development of the tunica albuginea. 
It consists of a whirled stroma reminiscent of an 
ovarian stroma with a thickness supporting sem- 
iniferous tubes; the boundary between tunica 
albuginea and testicular parenchyma is not clear 
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Fig. 4.2 Persistent 
Miillerian duct syndrome. 
Hypoplastic uterus in a 
hernia sac 


Fig. 4.3 Dysgenetic 
testis. The central zone is 
formed by several lobules 
with compactly arranged 
seminiferous tubules in 
each lobule. In the 
peripheral zone, the 
tubules are arranged in the 
thickness of the tunica 
albuginea adopting varied 
shapes and sizes 


(Figs. 4.3, 4.4, and 4.5). In infancy, both the 
tubular diameter and the tubular fertility rate are 
low. In adulthood, no spermatogenesis develops 
in most cases, or else it is only focal and 
associated with Sertoli cell-only tubules (mixed 
atrophy) or tubules with different degrees of 
hyalinization. Most patients have oligozoosper- 
mia or azoospermia. Paternity is achieved in 
11 % of the cases [28]. 
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Tumors The risk of malignancy is high — esti- 
mated at 18 %. The most common tumor is semi- 
noma. Germ cell neoplasia in situ (GCNIS) 
(Fig. 4.6), embryonal cell carcinoma, yolk sac 
tumor, and teratomas have also been reported 
[29]. Most tumors develop in the undescended 
testicle and in some cases in the scrotal one [30]. 
In some patients, tumors have been observed in 
malignant Miillerian derivatives [31]. 


4.4 Persistent Mullerian Duct Syndrome (PMDS) 


Fig. 4.4 Dysgenetic 
testis. Some seminiferous 
tubules are placed in the 
thickness of a tunica 
albuginea with ovarian- 
like stroma. The boundary 
between the testicular 
parenchyma and tunica 
albuginea is not clear 


Fig. 4.5 Dysgenetic 
testis. Inhibin immunos- 
taining stand out the form 
and arrangement of the 
seminiferous tubules in the 
surface of the testis. 
Among the seminiferous 
tubules, positive expres- 
sion is observed also in 
Leydig cells 


The management of these patients is com- 
plicated and aimed at the descent of the testes, 
removal of Miillerian structures, and patient 
monitoring. The descent of the testes must be 
achieved as early as possible, and a testicular 
biopsy should be performed at this moment. 
Preserving the testes keeps the endogenous 
source of hormone and a fertility potential. 
Orchiectomy is relegated only to the testes 
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that have not been able to descend. The 
Miillerian structures must be removed to pre- 
vent their malignant transformation, but the 
risk of damaging structures of the genitouri- 
nary tract should be considered. The surveil- 
lance is aimed mainly to control the testes by 
means of testicular self-examination and 
annual ultrasound, which can detect tumor 
development [19]. 
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Fig. 4.6 Persistent 
Miillerian duct syndrome 
in a postpubertal patient. 
Germ cell neoplasia in 
situ (GCNIS). (a) 
Atypical germ cells are 
large and are arranged 
over the basement 
membrane, while Sertoli 
cells are moved toward 
the lumen. (b) 
Immunostaining for 
PLAP in the peripheral 
cytoplasm and perinuclear 
dot in GCNIS cells 
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True Hermaphroditism 
(Ovotesticular DSD) 


Manuel Nistal, Pilar Gonzalez-Peramato, and 


Alvaro Serrano 


5.1 Introduction 

Ovotesticular DSD is defined on basis of the his- 
tology of the gonads after verifying that the 
patient has both ovarian and testicular differen- 
tiation. It represents approximately 10 % of the 
DSD [1], with an incidence of 1/100,000 live 
births [2]. Around 500 cases have been reported. 
True hermaphrodites are more common in 
Africa. Even though hermaphroditism should be 
suspected in any patient with ambiguous genita- 
lia, the diagnosis is often delayed for many 
years. Only 25 % of patients are diagnosed 
before the age of 20, and in many cases, they 
have already undergone major corrective surger- 
ies both for undescended testes and for the exter- 
nal genitalia [3, 4]. 


5.2 Karyotype 

The most frequent karyotype of true hermaph- 
rodites is 46,XX (60 %), followed by several 
chromosomal mosaicisms in decreasing order 
of frequency (46,XX/46,XY, 46,XY/47,XXY, 
45,X0/46,XY, 46XX/45,X0, 46,XX/47,XXY 
[33 %], and 46,XY karyotype [7 %]). Isolated 
karyotype cases with 47,XYY/46,XY/45,X0 
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[5, 6], and 46,XderY/45,X0 with rearranged Y 
chromosome [7], have been reported. 

The incidence of different karyotypes is 
related to different ethnic groups and geographic 
areas. Most of the true hermaphrodites in Africa 
(96.6 %) have karyotype 46,XX. The 46,XY 
karyotype frequency is similar in Europe, Asia, 
and North America [8]. In Europe, a chromo- 
somal mosaicism is found in 40.5 % of cases, and 
in North America, such mosaicism appeared in 
only 21 % of cases. Most of true hermaphrodit- 
ism cases are sporadic. 


5.3 Pathogenetic Theories 

There are different pathogenetic theories that 
explain the presence of testis in the absence 
of the Y chromosome and therefore the TDF 
(testicular determining factor produced by 
the SRY gene): (a) a hidden mosaicism includ- 
ing a line with the Y chromosome [9], (b) 
translocation of paternal Y chromosomal 
material that includes the SRY gene to the X 
chromosome, (c) an autosomal mutation with 
variable penetrance, and (d) by X chromo- 
some-linked mutations that either is coupled 
with a rare X chromosome inactivation [10] 
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or permits testicular differentiation in the 
absence of SRY [11] or mutations in genes 
such as SOX9 and FGF9 that regulate the 
action of SRY [12]. Other causes are partial 
deletion of DMRTI [13] and mutations in 
RSPOI [14]. 


5.4 Phenotype 

The phenotype of true hermaphrodites varies 
from male to female. Most of the patients con- 
sult at puberty by the first time. Seventy-five 
percent of patients grow up as males, and in 
80 % of them, chordee, hypospadias, cryptor- 
chidism, and gynecomastia can be seen [15, 
16]. Infertility is the complaint of some patients 
[17]. Normal male phenotype does not exceed 
10 % [18]. Twenty-five percent of them grow 
up as women; they consult due to menstrual 
disorders or clitoromegaly and more rarely 
because of a cyclic pain in the descended or 
undescended gonad [19]. Almost all patients 
have a urogenital sinus remnant and most also 
have a uterus. Some isolated cases consult 
because of an irreducible hernia, which con- 
tained a uterus (hernia uteri inguinalis), and 
phenotype similar to type | persistent Miillerian 
duct syndrome but obviously with a different 
type of gonad [20]. 


Correlation Between Genotype and Phenotype 
The phenotype is related to the presence of the 
SRY gene. In patients with 46,XY chromosome 
constitution, the presence of testis and male 
development is well understood. Several theo- 
ries have been proposed to explain masculin- 
ization of XX patients. The phenotype could 
depend on two features, the length of Y trans- 
located material (the higher the length of the 
Yp fragment, the more complete is the mascu- 
linization), or the X chromosome where the 
SRY gene is the translocated one. If the translo- 
cation is in the active X chromosome, the phe- 
notype will be XX male (with masculinized 
external genitalia), while if the translocation is 
made to the inactive X chromosome, the phe- 
notype will be ambiguous genitalia. The pres- 
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ence of a prostate has been reported in 46,XX 
male patients without SRY and complete male 
phenotype with absence of female internal 
genitalia [21]. 


5.5 Gonadal Types 

The gonadal types observed in true hermaphro- 
dites can be the ovotestis (44 %), ovary (33 %), 
and testis (22 %). 

The gonad nature can be suspected during 
physical examination. Hormonal determinations 
are inconclusive. There are few data of Leydig 
cell function in children. More than 60 % show 
a normal testosterone response to stimulation 
with hCG. This response does not correlate with 
the presence of the Y chromosome [22]. 

In adults, high serum testosterone levels sug- 
gest the presence of Leydig cells and therefore 
the occurrence of a testis. High levels of E2 after 
human menopausal gonadotropin (hMG) stimu- 
lation suggest the presence of an ovary [23]. 


Ovotestis 

The ovotestis is the most frequent gonad (44.4 %), 
and its preferential localization is the right side. 
Fifty percent of the ovotestis are found in an 
abdominal position and 25 % in the inguinal 
region, and 25 % are labioscrotal. Complete 
gonad descent occurs in 5 % of patients with 
bilateral ovotestis [17]. Macroscopically, the 
ovotestis can consist of two pieces joined by a 
pedicle or forming a single structure. In the first 
case, the ovary has the shape of a cap on top of 
the testis. In the second case, it occupies the outer 
part and is crescent shaped [24]. The proportion 
ovarian/testicular tissue varies widely from one 
to another patient. 

In childhood, the ovarian part shows abundant 
primordial follicles and some primary follicles 
(Fig. 5.1). Secondary follicles of Graff, the pres- 
ence of a corpus luteum, and numerous albicans 
bodies are frequent in adulthood (Figs. 5.2, 5.3, 
and 5.4). In childhood, the testis part consists of 
seminiferous tubules with a few germ cells in a 
dense stroma. Anastomosing tubules are frequent. 
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Fig. 5.1 Ovotestis in a 
6-month-old patient. The 
ovarian parenchyma is 
peripherally located. It 
consists of numerous 
primordial follicles in a 
dense stroma. The 
seminiferous tubules are 
of normal size 


Fig. 5.2 Ovotestis of an 
18-year-old patient. 
Cystic formations 
correspond to tertiary 
follicles. The groups of 
seminiferous tubules are 
separated by abundant 
stroma 


In the adult, tubules with spermatogenesis are 
rare, and usually small dysgenetic tubules pre- 
dominate. The Sertoli cells show immature char- 
acteristics with hyperchromatic nuclei, focal 
immunostaining for calretinin and D2-40, and 
focal absence of androgen receptors. These 
tubules have no lumen. The presence of fully hya- 
linized seminiferous tubules is common. Leydig 


cells are present, sometimes forming large clumps 
(Fig. 5.5). 

The complexity of the structure of ovotestis 
may be greater as it has been observed in a large 
series of South African patients [25]. 

In the transition between testicular paren- 
chyma and ovotestis, at the level of the tunica 
albuginea, some seminiferous tubules can be 
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Fig. 5.3 Ovotestis of the 
same patient. The 
seminiferous tubules are 
in intimate relationship 
with an ovarian follicle 


Fig. 5.4 Ovotestis of an 
adult patient. In the 
peripheral zone, 
eosinophilic areas of 
irregular contours that 
probably correspond with 
atretic follicles stand out 


seen located in its thickness and surrounded by 
an ovarian-like stroma reminiscent of the testes 
of DSD with Miillerian remnants. 

The ovotestis is associated with Fallopian tubes 
in 65 % of cases and with ductus deferens in the rest 
of cases (Fig. 5.6). The uterus is completely devel- 
oped if the patient has ovotestis/ovary. When ovo- 
testis is bilateral, uterine agenesis is frequent (13 % 
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of cases) [26]. Many times microcystic transforma- 
tion of ductuli efferentes is observed in the epididy- 
mis that accompanies the ductus deferens. 


Testis 

The testis is preferentially located in the right side 
(60 %), at any level between the abdomen and the 
scrotal pouch or labia. Fifty percent of the testes 
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Fig. 5.5 Ovotestis of the 
same adult patient of the 
previous figure. The 
seminiferous tubules have 
an infantile maturational 
pattern which contrasts 
with the abundant clusters 
of Leydig cells 


Fig. 5.6 Epididymis with 
cystic transformation 
besides a hypoplastic 
Fallopian tube 


are labioscrotal. Since infancy, the testis shows a 
low tubular fertility index. At puberty, the semi- 
niferous tubules do not develop to the normal 
diameter, and often they consist of dysgenetic 
Sertoli cells only, similar to what is observed in 
many cryptorchidic testes. Incomplete spermato- 
genesis can be observed in some cases, and com- 
plete spermatogenesis is exceptional. Although 
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some testicular lesions may be primary, others 
could be caused by the increased level of estro- 
gens that the testicular parenchyma undergoes. 


Ovary 

The ovary is most frequent in the left side (63 %) 
and is usually abdominal (85 %). Most times the 
ovary is hypoplastic and shows scant primordial fol- 
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licles, although, in a reduced number of patients, the 
ovary is histologically and functionally normal. 


5.6 Types of True 


Hermaphroditism 


Patients with ovotesticular DSD are classified 
into three types depending on the location and 
histology of the gonads: unilateral, bilateral, and 
lateral. Most of ovotesticular DSD are of the uni- 
lateral type with ovotestis in one side and a nor- 
mal gonad in the other side. Forty percent of 
them show a combination of the ovotestis and 
ovary, and 15 % combine the ovotestis and testi- 
cle. In bilateral type, both gonads are ovotestes 
(34 %). Eleven percent of patients are ovotesticu- 
lar DSD lateral type: one gonad is a testis and the 
other gonad is an ovary [25-27]. Other rare pre- 
sentations are patients with an ovotestis and a 
contralateral streak gonad [28] and patients with 
crossed ectopy, consisting of a left side ovotestis 
that is displaced to the right scrotum [29]. Patients 
with Y chromosome have a testis more frequently 
than those who do not have such chromosome 
(55.8 % vs. 22.7 %). The degree of gonadal 
descent is parallel to the amount of functional 
testicular tissue present. 


5.7 Biological Behaviour 


of the Gonads 


More than two dozens of pregnancies in true her- 
maphrodites have been reported [30]. This con- 
trasts with the exceptional cases of paternity even 
with assisted reproductive techniques [31, 32]. 
The origin of the ovules might be an ovotestis 
[33] or an ovary [34]. Most patients develop 
hypergonadotropic hypogonadism. 

The incidence of tumors has been estimated 
between 4 % for those with 46,XX karyotype 
and 10 % when the karyotype is 46,XY or mosa- 
icism 46,XX/XY [8, 35]. The most frequent 
tumors are gonadoblastoma, dysgerminoma/ 
seminoma [36, 37], choriocarcinoma [38], and 
yolk sac tumor. Other reported tumors are mature 
teratoma and carcinoid and granulose cell tumor. 
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5.8 Patient Management 

There are two main problems with ovotesticular 
DSD patients: sex assignment and actions to take 
with this type of gonads. The decision on sex 
reassignment must take into account the genetic 
sex, gonadal sex, social sex, and psychological 
sex, as well as the desires of the patients and their 
families [39]. 

The treatment of ovotesticular DSD is com- 
plex because it involves several specialists. In 
principle, the genetic sex determined by karyo- 
type and/or Y chromosome sequence detection is 
not considered a useful criterium [40]. These are 
considered important factors: age of the patient at 
diagnosis, nature and location of the gonads, and 
development of the external genitalia [41]. The 
risk of germ cell tumors and the potential for 
future fertility should also be considered. 
Bilateral castration might be justified by the risk 
of gonadal neoplasia. However, the maintenance 
of gonads presents some advantages, principally 
if the hermaphrodite is growing as a girl, who 
may have a spontaneous puberty, and even be fer- 
tile. The risk of tumor can be minimized if sev- 
eral precautions are taken: removal of a testis that 
cannot be descended to the scrotal pouch and 
periodical survey of the residual gonad by 
ultrasonography. 
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Usefulness of Histological Studies 
in Patients with the Androgen 
Insensitivity Syndrome 


Manuel Nistal, Pilar Gonzalez-Peramato, and 


Alvaro Serrano 


6.1 Introduction 

Androgen insensitivity syndrome (AIS) is a 
46,XY DSD. The incidence is estimated at 
15-20 % of all DSD (one in every 20,000-64,000 
newborn males). It is caused by inactivation or 
deletion of the X-linked androgen receptor gene, 
resulting in the decrease or the abolishment of the 
androgenic effects on target tissues. Over 1000 
mutations of the androgen receptor gene are 
known [1]. Depending on the degree of response 
of the external genitalia to androgens, three clini- 
cal forms are distinguished: complete androgen 
insensitivity (CAIS), partial androgen insensitiv- 
ity (PAIS), and mild androgen insensitivity 
(MAIS). Patients with CAIS have a normal 
female phenotype and generally consult in child- 
hood for inguinal hernia or swollen labia that 
contain a testicle; during adolescence they con- 
sult for primary amenorrhea. They have a regular 
pubertal growth spurt, breast development, scarce 
or absent development of axillary and pubic hair, 
a short vagina, and absence of Miillerian deriva- 
tives (uterus, cervix, and proximal vagina) [2, 3]. 
The testes can be abdominal, inguinal, or labial. 
Patients with PAIS may have variable pheno- 
types: from women with clitoromegaly and/or 
posterior labial fusion to males with gynecomas- 
tia, cryptorchidism, and infertility, including 
intermediate situations such as micropenis, 
severe hypospadias, and bifid scrotum which may 
contain the testes [4]. MAIS patients have a 
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normal male phenotype, and most of them con- 
sult for infertility. Additionally to infertility, 
some patients with PAIS also have bulbar and 
spinal muscular atrophy (Kennedy’s disease). 
Ninety-five percent of patients with CAIS versus 
25 % of patients with PAIS have mutations of the 
AR [1]. Most of the histological data collected in 
the literature refer to patients with CAIS, and this 
chapter is focused on them. 


6.2 CAIS in Fetal Age 

The study of the gonads of fetuses with AIS is 
very limited. Only one case of well-documented 
CAIS is known [5]. The study was done in a 
20-week fetus coming from an abortion. The 
study has not only served to know the morphol- 
ogy of the gonads at this time of development 
but to highlight the limited role of androgens in 
the development of the testis up to the second 
quarter of pregnancy. The size of both testes 
was increased and reached the major axis diam- 
eter of 12 mm, as compared to 6 mm in the con- 
trol. The development of the seminiferous 
tubules was similar. Sertoli cells had an intense 
expression of AMH. Peritubular cells showed a 
lower expression of AMHR2 than the controls. 
In the interstitium, hypertrophy and hyperplasia 
of the Leydig cells were outstanding. The 
patient had uterus, vagina, and Fallopian tube 
remnants. 
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6.3 CAIS in Prepubertal Patients 


6.3.1 Histological Findings 


The location of the testes does not seem to influ- 
ence their morphology [6]. In the first 4 years, the 
histological findings are only suggestive, as they 
are common to other diseases. Only when para- 


testicular structures are studied in some cases the 
diagnosis is definitive. From 4 years of age 


Fig. 6.1 CAIS. Patient of 
1 year of age. Testicular 
lobules are separated by 
thick cellular septa 


Fig. 6.2 CAIS. Testis of a 
child with small 
seminiferous tubules with 
marked reduction in Sertoli 
cell and germ cell number. 
Presence of Leydig cell 
groups with 
multivacuolated cytoplasm 


onwards, when under normal conditions most 
Sertoli cells express androgen receptor, the diag- 
nosis is facilitated [7]. 


Seminiferous Tubules There is a decrease in the 
tubular diameter. The number of Sertoli cells also 
appears decreased [8]. Ring-shaped tubules with 
eosinophilic bodies and microliths can be 
observed. The number of germ cells declines rap- 
idly after the first year of life [9]. Multinucleated 
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spermatogonia can be present. The tubular wall 
shows no alterations. 


Interstitium is loose and abundant in younger 
patients, while in older ones, it tends to be fibrous 
(Fig. 6.1). Fetal Leydig cells do not disappear and 
form small clusters between the seminiferous 
tubules or on the periphery of the testicular lobules. 
They are large and their cytoplasm is vacuolated 
(Fig. 6.2). Calretinin makes it very clear that there 
are not only isolated Leydig cells as it would cor- 
respond to the age but groups of four to eight cells. 
The lymphatic vessels of the tunica vasculosa and 
interlobular septa are distended in most cases. 


6.3.2 Differential Diagnosis 


Throughout childhood, the differential diagnosis is 
made with the following entities: cryptorchidism, 
persistent Miillerian duct syndrome, defect in 
5-alpha-reductase type II, and NR5A/ gene muta- 
tions. Before 4 years of age, the diagnosis is diffi- 
cult, but subsequently, demonstration of the 
absence of androgen receptors in Sertoli cells facil- 
itates the diagnosis. Which histological data can be 
useful before 4 years of age? The first one is the 
appearance of the interstitium. A broad and cellular 
interstitium and thickened interlobular septa are 


Fig. 6.3 CAIS patient of 
one and a half year of age. 
Delayed maturation of 
germ cells is shown with 
persistence of gonocytes in 
the central part of a 
seminiferous tubule 
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more characteristic of AIS. A tunica albuginea 
similar to ovarian stroma with tubular formations 
inside is characteristic of the defects seen in AMH 
[10]. The absence or severe reduction of Leydig 
cells (assessment with calretinin is required) is 
characteristic of cryptorchidism. However, the 
presence of Leydig cell groups considered charac- 
teristic of NRSA] mutations [11] can be observed 
in other pathologies as well. Markedly hypoplastic 
or absent epididymis suggest AIS. The presence of 
smooth muscle forming a mass in the lower pole of 
the testis is characteristic of AIS [12]. 


6.3.3 Associated Pathology 


It is very important to know that the following 
facts can be observed in these testes in childhood: 
delayed maturation of germ cells, germ cell neo- 
plasia in situ, and presence of a variable develop- 
ment of the Wolffian and Miillerian structures. 


Delayed Maturation of Germ Cells AIS patients 
often show a delay in the maturation of germ 
cells. This is characterized by persistent gono- 
cytes in the center of the seminiferous tube until 
1 year of age (Fig. 6.3). They are morphologi- 
cally identifiable as large cells with spherical 
nucleus and prominent nucleoli. They retain 
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immunohistochemical positivity for OCT3/4, 
PLAP, or c-KIT. The tubules with gonocytes are 
regularly distributed throughout the testis [13]. 


Germ Cell Neoplasia in Situ Some patients have 
GCNIS. GCNIS diagnosis in childhood requires 
evaluating several facts such as patient age, germ 
cell morphology, distribution of germ cells, and 
immunohistochemical pattern. 


From 1 year old, when there is a delay in the 
maturation of germ cells, in most cases, the cells 
that do not reach the basement membrane 
undergo a process of apoptosis. In some patients, 
this regression does not occur and then GCNIS 
should be suspected. 

Morphologically, it is necessary to note that 
during childhood, the seminiferous tubules of 
patients with AIS can have a variety of germ cells 
besides gonocytes and spermatogonia type A; 
there are hypertrophic spermatogonia and tumor 
cells. Hypertrophic spermatogonia may be con- 
fused with GCNIS cells. They are large cells with 
large nuclei of circular contours and compact 
chromatin that does not allow to distinguish a 
nucleolus. They are usually located on the base- 
ment membrane. They are polyploid cells that are 
unable to complete their division and probably 
degenerate. GCNIS cells are large cells, similar to 


Fig. 6.4 Smooth muscle 
hamartoma. A mass of 
smooth muscle cells rests 
directly on the tunica 
albuginea 


gonocytes; they are placed inside the tube but are 
also found on the basal membrane. The most 
important differences are a nucleus of irregular 
contours, coarse granular heterochromatin, and 
the presence of one or two bulky nucleoli. The 
same seminiferous tubule may have spermatogo- 
nia and tumor cells. 

Distribution of gonocyte-like cells: when these 
cells do not have a regular arrangement in the tes- 
ticular parenchyma but are found only in a group 
of seminiferous tubules, or only in a testicular lob- 
ule, the suspicion of GCNIS is very high. 

Immunohistochemically, spermatogonia are 
TSPY1 positive. GCNIS cells show nuclear 
expression of OCT3/4 or TSPY expression in 
cytoplasm and membrane and can also show 
expression of c-kit and PLAP. 


Presence of Wolffian Structures Epididymis/vas 
deferens is present in 36 % of cases and shows 
various degrees of maturation at puberty [14]. It 
is interpreted that these patients harbor mutant 
receptors showing a residual response to high 
concentrations of androgens. Most cases are 
hypoplastic Wolffian derivatives. 


Miillerian Remnants The presence, even grossly, 
of smooth muscle tissue is observed in 80 % of 
the testes out of the tunica at the lower pole of the 
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testis. Most often it is bilateral [15]. In some 
cases there are formations constituted by thick 
bundles of smooth muscle cells described 
sometimes as muscle hamartomas and also as 
leiomyomas [16] (Fig. 6.4). On other occasions, 
the muscle tissue is more organized. It may form 
cordonal structures that fuse in the midline simu- 
lating a bicornis uterus. Other patients have 
hypoplastic uterine tubes. 


6.4 CAIS in Pubertal and Adult 
Patients 
6.4.1 Histological Findings 


There are differences depending on the expected 
residual AR activity. When there is no androgen 
activity, the diameter of the seminiferous tubules 
is very small and lacks germ cells. The seminif- 
erous tubes are reminiscent of a child’s testicle, 
but there are even smaller groups of tubules 
comprising only three or four Sertoli cells per 
cross tubular section (Fig. 6.5). These data cor- 
relate well with the conservation of immunoex- 
pression calretinin and D2-40. When AR 
residual activity is retained, the tubular diameter 
is greater, but it lacks tubular lumen, or this is 


Fig.6.5 CAIS ina 
postpubertal patient. 
Seminiferous tubules 
showing an infantile 
development contrasting 
with Leydig cell 
hyperplasia 
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only present in isolated tubules. A considerable 
number of seminiferous tubules have germinal 
cells [9]. Even in the best cases, Sertoli cells 
retain immature signs as spherical nuclei, 
absence of Charcot-Botther crystals, annulated 
lamellae, or well-developed Sertoli-Sertoli 
joints. They express strong cytoplasmic immu- 
nostaining for AMH, nuclear for SOX-9, and 
weak cytoplasmic expression for PGDS and 
absence of AR immunostaining [17]. In 14 % of 
the testicles, there are granular changes in 
Sertoli cells. Among the seminiferous tubules, 
large clusters of Leydig cells lacking Reinke 
crystals are observed. The interstitium contains 
thick bundles of spindle cells simulating ovarian 
stroma. Most of these cells express SMA [18]. 
Lymphangiectasis in tunica vasculosa and inter- 
lobular septa can be observed (Fig. 6.6). 


6.4.2 Associated Pathology 


Sertoli-Leydig Hamartomas They are lesions 
ranging in size from | to 5 mm, usually multiple, 
well defined, unencapsulated (Fig. 6.7). They are 
present in 63 % of cases [19]. They consist of 
seminiferous tubules and Leydig cells similar to 
the rest of the parenchyma but with a disrupted 
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Fig.6.6 CAIS ina 
postpubertal patient. 
Lymphangiectasis in tunica 
vasculosa and interlobular 
septa 


Fig. 6.7 CAIS. Adult 
patients with Sertoli/ 
Leydig hamartomas. 
Nodular formations are 
well defined but 
unencapsulated 


architecture. Seminiferous tubules have a fetal or 
child development. Sertoli cells have signs of 
both morphological and immunohistochemical 
immaturity. Their nucleus is spherical, and 
inhibin bodies and positivity for calretinin are 
observed in the cytoplasm. The tubular wall can 
be thin, but in some tubules, it may show concen- 
tric hyalinization. The intertubular space is occu- 
pied by Leydig cells showing a marked 


hyperplasia [20]. Leydig cells lack Reinke 
crystals. These hamartomas cannot be considered 
well-differentiated Sertoli-Leydig tumors, as 
occasionally it erroneously appears in some 
publications. 


Sertoli Cells Adenomas They are observed in 
23 % of the adult testes. They are unencapsu- 
lated formations whose diameter can exceed 
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Fig.6.8 CAIS. Sertoli 
cell adenoma in an adult 
patient. The tubular 
formations show a much 
thickened wall and contain 
scant Sertoli cells. Among 
the tubular formations, no 
Leydig are observed 


10 cm. They consist of tubular formations 
devoid of lumen whose diameter does not 
exceed that of a seminiferous tube in childhood. 
The cells that constitute them are cubic and have 
a spherical nucleus, small nucleoli, and finely 
granular cytoplasm. The number of cells per 
tubular section, although variable, is less than 
half that of a child seminiferous tubule. The 
cells rest on a basement membrane whose thick- 
ness is highly variable even in the various 
sectors of the tubule. Thickening does become 
rings leaving within two or three Sertoli cells. 
The tubular wall lacks myoid cells. The intersti- 
tium is scarce and does not show Leydig cells 
(Fig. 6.8). The cells of the tubular formations 
are positive for inhibin alpha and WT1, focally 
for calretinin, and the proliferation rate is very 
low. They are negative for estrogen, progester- 
one, and Melan A [21]. 


6.5 PAIS 

Most studies of PAIS on testicular histology refer 
to patients with a male phenotype as the 
Reifenstein’s syndrome (micropenis, hypospa- 
dias, cryptorchidism, testicular atrophy, poor 
virilization, gynecomastia, azoospermia or oligo- 


zoospermia, and infertility) [22, 23] and the 
Rosewater’s syndrome (males with gynecomastia 
and infertility). The fact that patients with slight 
undervirilization had azoospermia, and patients 
with hypospadias and gynecomastia were fertile, 
suggests that androgens can influence spermato- 
genesis and genital differentiation through differ- 
ent routes [24, 25]. Histological findings vary 
from tubules with marked wall hyalinization and 
absence of spermatogenesis to seminiferous 
tubules that focally retain germline. Leydig cells 
are increased in all cases. 


6.6 MAIS 

It is the least common form of AIS. Most fertile 
patients with mild impaired AR activities have 
slight signs of undervirilization such as gyneco- 
mastia and/or a small penis, simple coronal hypo- 
spadias, or prominent raphe of the scrotum [4]. 
Investigations of AR anomalies in infertile men 
have revealed that a significant percentage of 
them carry abnormalities in the AR gene [26-28]. 
Histologically, the most important finding is dif- 
fuse Leydig cell hyperplasia that is associated 
with some seminiferous tubules with poor 
spermatogenesis. 
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6.7 Tumors in AIS 


Among the benign tumors, tumors of large Sertoli 
cells with calcifications, sex cord with annular 
tubules, Leydig cell tumors, leiomyomas (or 
smooth muscle hamartoma), and fibromas have 
been reported [19]. The classical malignancy has 
been estimated at 3.6 % at 25 years and 33 % at 
50 years of age, with the greatest incidence of 
intra-abdominal testes. The incidence in CAIS is 
low when compared with PAIS, and the gonads 
must be maintained until puberty is complete 
[29-31]. GCNIS, various types of germ cell 
tumors both unilateral and bilateral, and malig- 
nant sex cord tumors have also been reported. 
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Differential Diagnosis of Tumors 
in the Adrenogenital Syndrome 


Manuel Nistal, Pilar Gonzalez-Peramato, and 


Alvaro Serrano 


7.1 Introduction 

Congenital adrenal hyperplasia (CAH) is an auto- 
somal recessive disorder of the adrenal steroid 
synthesis caused by defects in the enzymes 
involved in the production of cortisol, aldosterone, 
and sex hormones. There are two forms of CAH, 
the classical form with salt-wasting and simple 
virilizing subtypes and the nonclassical form that 
is more frequent. The classic form is severe while 
the nonclassical form is mild and of late onset. 
Ninety percent of the cases are associated with 
loss-of-function mutations or translocations 
involving the CYP2/ gene that encodes the 
21-alpha-hydroxylase enzyme, and 5-8 % are 
associated with loss-of-function mutations in the 
CYP1IB1 gene encoding the 1 1-beta-hydroxylase 
enzyme. Less frequent are the defects in enzyme 
17a-hydroxylase (mutations in the gene CYP17A1) 
and 3B-hydroxysteroid dehydrogenase (mutations 
in the gene HSD3f2). Loss of function of these 
enzymes determines impaired production of corti- 
sol and other steroid hormones. As a result, an 
increased secretion of hypothalamic corticotropin- 
releasing hormone (CRH) and an increase in pitu- 
itary ACTH production occur which leads to 
bilateral adrenal gland hyperplasia [1]. 

One of the most important complications in 
patients with congenital adrenal hyperplasia is 
the development of testicular tumors. Testicular 
tumors in adrenogenital syndrome are clinically 
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observed in 27 % to 47 % of patients with con- 
genital adrenal hyperplasia [2]. Testicular tumors 
of the adrenogenital syndrome resemble histo- 
logically Leydig cell tumors, which poses a dif- 
ficulty to differential diagnosis [3]. 


7.2 Development of Tumors 
of the Adrenogenital 


Syndrome 


When patients with CAH are diagnosed late or not 
treated properly, they develop testicular lesions. 
High plasma levels of ACTH stimulate possible 
adrenal rests as well as pluripotential cells, “ste- 
roid” cells normally present in the testicular hilum 
[4, 5]. Hyperplasia of these cells leads to the for- 
mation of tumor nodules between the rete testis 
cavities or between the rete testis and the testicular 
parenchyma (Fig. 7.1). This highly selective local- 
ization justifies the infertility (by obstructive azo- 
ospermia) which some patients consult for as the 
first symptom of the disease [6]. The infertility is 
caused by the hypogonadotropic hypogonadism 
secondary to the increased production of adrenal 
androgens [7]. These nodules are known by differ- 
ent names: “bilateral nodular hyperplasia of tes- 
ticular adrenal rests,’ “testicular adrenal rest 
tumors (TART)” [8], “testicular tumors in congen- 
ital adrenal hyperplasia,” “testicular adrenogenital 
tumors” [9], “adrenogenital syndrome-associated 
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Fig. 7.1 Tumor of the 
adrenogenital syndrome. 
Nodular formations 
located in the vicinity of 
testicular mediastinum. 
Among the different 
nodules, tubuli recti and 
marked dilation of the rete 
testis cavities are observed 


tumors” [10], and “testicular tumors of the adreno- 
genital syndrome (TTAGS)” [11, 12]. 

The first case of TTAGS was published by 
Wilkins in 1940 [13] and concerned the autopsy 
of a 3-year-old child whose major symptoms 
were a marked salt craving, an enlarged penis and 
scrotum, and bilateral testicular tumors similar to 
those observed in the adrenal cortex. 

TTAGS are present in 94 % of patients with 
CAH [14]. Classically, the development of TTAGS 
is synchronous in both testicles [15]; however 
since ultrasound has been used routinely in the 
study of testicular tumors, unilateral lesions are 
found more often which if untreated could lead to 
bilateral tumors [14]. The size of these tumors var- 
ies from microscopic to several cms, being able to 
affect the entire testicular parenchyma. Given their 
initial location in the mediastinum, only those 
tumors larger than 2 cm are palpable. 

Five stages have been described in the devel- 
opment of TTAGS. Stage 1: adrenal rest cells are 
present within the rete testis. Stage 2 is character- 
ized by hyperplasia and hypertrophy of the rest 
cells. Stage 3: the rest cells compress the rete tes- 
tis. Stage 4: the cell nests induce fibrosis and 
lymphoid infiltrates in the neighboring testicular 
parenchyma. Stage 5: there is irreversible dam- 


age to the testicular parenchyma. The testicular 
parenchyma lesions are considered secondary to 
the obstruction of the seminiferous tubules where 
they flow into the rete testis [16]. 


7.3 Clinical and Laboratory 


Diagnostic Clues 


The differential diagnosis between TTAGS and 
LCT is particularly important as the treatments 
are quite different (cortisol and/or mineralocorti- 
coid replacement therapy for CAH versus enucle- 
ation or orchiectomy for LCT). Difficulties are 
added when TTAGS have a unilateral or meta- 
chronous presentation in adults with milder 
forms of CAH; moreover correctly treated 
TTAGS do not regress, but become autonomous. 
The most important key for differential diagnosis 
between TTAGS and LCT must be sought in the 
clinical and laboratory data to support hyperan- 
drogenism and testicular mass. The most impor- 
tant clues are the following: 


e Most common age of TTAGS in children is 
under 4 years (ranging from 2 to 32 years) 
[17]. Most Leydig cell tumors in children are 
seen between 5 and 10 years [18]. 


7.5 Histological and Immunohistochemical Clues 


e The bilateral lesions are observed in 80 % of 
TTAGS [2]. The scrotal skin hyperpigmenta- 
tion associated with hyperandrogenism and 
bilateral testicular masses suggests an increase 
in the levels of ACTH secondary to congenital 
adrenal hyperplasia. 

e TTAGS rarely have any estrogenic activity 
(gynecomastia) [19], while it is present in 
30 % of patients with Leydig cell tumors. 

e The presence of extratesticular nodules in a 
patient with bilateral macroorchidism favors 
TTAGS. 

e Serum testosterone levels are not as high in 
TTAGS as in Leydig cell tumors [20]. 

e The elevation of 11-deoxycortisol associated 
with the increase in androgens suggests a defect 
in | 1-beta-hydroxylase, the second most common 
cause of congenital adrenal hyperplasia [21]. 

e Preoperative determination of serum ACTH 
allows a differential diagnosis between 
TTAGS and testicular tumors. 

e The TTAGS represent a reactive hyperplasia 
that develops after a supraphysiological stim- 
ulation of ACTH. The Leydig cell tumors are 
not ACTH responsive and are not associated 
with an elevation of ACTH. 

e Hydrocortisone treatment suppresses the 
secretion of ACTH and produces a decrease in 
TTAGS. 


7.4 Diagnostic Imaging 

Imaging tests are useful for diagnosis, manage- 
ment, and follow-up of the patients [22]. The 
most common sonographic finding is bilateral 
intratesticular hypoechoic masses of spikelike 
appearance, with no sound attenuation surround- 
ing the testicular mediastinum [23]. The preva- 
lence is 94 % of CAH adults. In some cases 
nodules are heterogeneous or hyperechoic. The 
echogenicity is related to the size of the lesions, 
all lesions under 2 cm being hypoechoic, while 
lesions larger than 2 cm are heterogeneous and 
hyperechoic. The hyperechoic areas may repre- 
sent fibrosis or calcification. The small nodules 
may be unilateral and the larger ones are usually 
bilateral. Bilateral lesions may extend from the 
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mediastinum to the testicular parenchyma. LCT 
are intraparenchymal [14]. 

The prevalence of TTAGS is similar in MRI 
and ultrasound [14]. Just as the adrenal cortex, 
the TTAGS are isointense with muscle on T1- 
and T2-weighted images. Regarding the testicu- 
lar parenchyma, it is described as iso- or 
hyperintense on Tl-weighted images and 
hypointense on T2-weighted images with well- 
defined margins without capsule or pseudocap- 
sule. Homogenous enhancement occurs after 
the injection of gadolinium [24]. CT of the adre- 
nal glands shows increased size in patients with 
TTAGS. 


7.5 Histological and 
Immunohistochemical Clues 
Histological Data Differential diagnosis 


between TTAGS and LCT is not possible by 
means of a single datum [25]. 


e Location in the testicular hilum favors TTAGS 
and only rarely they are intraparenquimal [26]. 

e TTAGS are macroscopically firm and multi- 
nodular with a dark brown color against the 
presence of a single yellow nodule in the LCT 
on cut sections. 

e TTAGS are well defined but not encapsulated. 
LCT shows an infiltrating border. 

e TTAGS resemble adrenocortical tissue although 
typical zonation of adrenal cortex is absent. 

e TTAGS show sheets of large polygonal cells 
with abundant eosinophilic cytoplasm inter- 
sected by broad fibrous bands (Figs. 7.2 and 
7.3). LCT may have fiber tracts but they are thin. 

e The absence of cellular atypia except for, in 
some cases, cells with large pleomorphic 
nuclei, with one or two prominent nucleoli. 

e The absence of mitotic activity in TTAGS 
[26]. In LCT multinucleated cells are frequent, 
and most have focal large pleomorphic nuclei. 
Isolated mitoses are observed. 

e Abundant lipofuscins pigment in TTAGS (Fig. 
7.3), compared to the small amount in LCT. 

e No Reinke crystals in TTAGS, but bear in mind 
that they are only observed in 40 % of LCT. 
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Fig. 7.2 Tumor of the 
adrenogenital syndrome. 
Cellular proliferation 
arranged in sheets 
intersected by broad 
fibrous bands of very 
collagenized connective 
tissue 


Fig. 7.3 Tumor of the 
adrenogenital syndrome. 
Cells are polyhedral with a 
central nuclei and 
abundant granular 
cytoplasm with lipofuscins 


7 Differential Diagnosis of Tumors in the Adrenogenital Syndrome 


e Focal lymphocytic infiltration in TTAGS Among other differential diagnostics from 


(Fig. 7.4). 


the histological point of view, it would also 


e Adipose metaplasia in 56 % of TTAGS (Fig. include nodular hyperplasia of Leydig cells. 
7.4) compared to the rarity with which it This is a multifocal lesion that has no features of 


appears in LCT [27, 28]. 


expansive growth; seminiferous tubules are 


e Atrophy of the seminiferous tubules versus included inside the lesion; and it is often associ- 
the advanced maturation — even with sper- ated with familial male-limited precocious 
matogenesis — in LCT (Figs. 7.5 and 7.6). puberty [29]. 


7.5 Histological and Immunohistochemical Clues 


Fig. 7.4 Tumor of the 
adrenogenital syndrome. 
On the periphery of 
nodules, adipose 
metaplasia and lymphocyte 
infiltration are observed 


Fig. 7.5 Functionating 
Leydig cell tumor in a 
7-year-old boy. Several 
seminiferous tubules have 
been trapped by tumor 
cells in the periphery of the 
tumor. These seminiferous 
tubules show larger 
diameter and the presence 
of lumen in contrast to the 
development of the farthest 
seminiferous tubules 


Immunohistochemical Data 


e Synaptophysin expression in 88 % of TTAGS 


against 8 % LCT [26]. 


CD56 is strongly and diffusely positive in 
TTAGS and only weak or moderate in LCT [30]. 
Androgen receptor immunoexpression is neg- 
ative in TTAGS (Fig. 7.7) and positive in 85 % 
of LCT. 
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TTAGS have angiotensin II and ACTH 
receptors. 

Positivity for inhibin, Melan A, vimentin, and 
calretinin is considered nonspecific as they are 
also expressed in LCT [31]. 

The most useful marker in this differential is 
the absence of expression in TTAGS of a 
Leydig cell marker such as insulin-like 3 
CINSL3) [32]. 
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Fig. 7.6 Seminiferous 
tubule with marked 
dilatation of its lumen and 
the presence of 
spermatogenesis. It is 
surrounded by Leydig 
tumor cells of the same 
case of the previous figure 


Fig. 7.7 Tumor of the 
adrenogenital syndrome. 
Cellular proliferation has 
engulfed a seminiferous 
tubule. Note positivity for 
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Summarizing, diagnosis of TTAGS may require 
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the sum of clinical, laboratory, imaging, and histo- 
logical and immunohistochemical studies, particu- 
larly in their less severe forms of presentation in 
adults and in patients claiming infertility. The estab- 
lishment of an adequate treatment not only corrects 
the hormonal failure but in some cases can restore 
fertility. In other cases the selective localization of 
tumor nodules leads to irreversible testicular atro- 
phy through the obstructive mechanism. 
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Fetal Gonadoblastoid Testicular 
Dysplasia: An Early Defect 
in Testicular Tubulogenesis 


Manuel Nistal, Pilar Gonzalez-Peramato, and 


Alvaro Serrano 


8.1 Introduction 

Fetal gonadoblastoid testicular dysplasia was 
described by Martin in 1986 and also by Spear 
[1] in a 28-week old newborn baby of that 
weighed 950 g and died 1 h after delivery due to 
multiple malformations. FGTD appears early and 
is related to the Walker-Warburg’s syndrome 
(WWS), as in the case reported by Weinberg in 
1989 [2] and in the same year in the three cases 
provided by Hung et al. [3]. In two cases pub- 
lished by Nistal et al. in 2007 [4], it was not asso- 
ciated with WWS, although one patient had 
muscle lesions suggesting a mitochondrial myop- 
athy, and in two more cases published by Reischer 
et al. in 2016 [5], it was associated with a lethal 
type of Noonan’s syndrome. 


8.2 Histology 

Except for their small size, the testes do not show 
macroscopic abnormalities, neither are these 
observed in the epididymis. All testicles show a 
well-collagenized tunica albuginea, lobular orga- 
nization, and seminiferous tubules that, although 
few in number, have a development consistent 
with age. The number of Leydig cells is the 
expected one for the age. The data characterizing 
the FGTD is the presence of solid, spherical, or 
ovoid formations up to 300 microns in diameter 
(Fig. 8.1). When these formations are abundant, 
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they are arranged throughout the testicle, but 
when they are scarcer, they are located preferably 
in the periphery of the testicle. 

Each nodular formation is externally well 
delimited by a basal membrane and separated 
from the testicular parenchyma by several layers 
of fusiform cells (Fig. 8.2). It contains three types 
of cells. The first cell type corresponds to cells 
with vesicular nucleus and pale cytoplasm, the 
second type includes cells with elongated, hyper- 
chromatic nucleus, and scant cytoplasm, and the 
third one includes germ cell-like cells (Fig. 8.3). 
Among the cells there are one or more PAS- 
positive eosinophilic bodies reminiscent of Call- 
Exner bodies of the ovary. In the periphery, small 
arterioles which are situated between the spindle 
cells and the basement membrane are observed. 
Sometimes these arterioles penetrate into the 
nodules, and the serial sections show that they are 
inside only until they are recognized as a mass of 
nuclei, three to five, inside or in the vicinity of 
eosinophilic bodies. Some nodular formations 
are in continuity with seminiferous tubules. 

Immunohistochemistry shows positivity for 
vimentin, cytokeratin (AEI/AE3), and inhibin 
(Fig. 8.4) that are focal in the first two cell types 
that form the nodular formations and PLAP posi- 
tivity in isolated germ cells. No germ-like cell 
was positive for OCT3/4. Positivity for specific 
muscle actin in perinodular fusiform cells was 
observed. Collagen IV stained linearly in the 
basement membrane and on the wall forming 
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Fig. 8.1 Fetal 
gonadoblastoid testicular 
dysplasia. Two spherical 
formations surrounded and 
separated from normal 
seminiferous tubules by 
abundant cellular stroma 
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Fig. 8.2 Fetal 
gonadoblastoid testicular 
dysplasia. Nodular 
formation surrounded by 
fusiform cells and more 
externally by Leydig cells. 
Inside the nodular 
formation, there are 
abundant eosinophilic 
bodies 
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subendothelial accumulations of arterioles pene- 
trating the nodules and constituting the eosino- 
philic Call-Exner-like bodies (Figs. 8.5 and 8.6). 
Laminin is observed in the basal lamina of semi- 
niferous tubules and nodules (Fig. 8.7). In the rest 
of the testicular parenchyma, inhibin expression 
in Sertoli cells and Leydig was normal. 


Differential Diagnosis 


There are two processes that may constitute a dif- 
ferential diagnosis with this lesion, and both only 
occur in patients with testicular development 
disorders such as testicular dysgenesis and 
gonadoblastoma. 


8.3 Differential Diagnosis 


Fig. 8.3 Nodular 
formation composed of 
different cell types. Small 
cells (the most numerous) 
have elongated and 
hyperchromatic nuclei, 
while large cells have 
spherical nuclei and pale 
cytoplasm 


Fig. 8.4 Most cells in 
nodular formations show 
immunostaining for 
inhibin. Intense positive 
expression is also observed 
in Sertoli cells of 
neighboring tubules and in 
abundant Leydig cells 


In testicular dysgenesis a testis with a central 
part consisting of seminiferous tubules arranged 
compactly and a peripheral zone of seminiferous 
tubules irregular in shape and size with frequent 
anastomoses is observed. In the more peripheral 
areas, these tubules are attached to an ovarian- 
like stroma and reach the surface of the gonad. 
Coinciding with these areas, the tunica albuginea 
does not show the structure and constitution of a 
normal testicle. The appearance and the swirling 
arrangement of the cells simulate an ovarian 
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stroma. Despite the differences in the size of the 
tubules, they never form solid nodules. Testicular 
dysgenesis is the characteristic gonad of DSD by 
default AMH. No cases of FGTD associated with 
DSD have been reported. 

At first sight FGTD has a strong resemblance to 
gonadoblastoma. This likeness is even higher if it 
originates on a dysgenetic testis since malformed 
seminiferous tubules can be seen beside gonado- 
blastoma nodules. Two facts are important for dif- 
ferential diagnosis. Germ cells in gonadoblastoma 
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Fig.8.5 Fetal 
gonadoblastoid testicular 
displasia. Collagen IV 
deposit in an arteriole 
which has penetrated the 
nodular formation 
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Fig. 8.6 Fetal 
gonadoblastoid testicular 
displasia. Collagen IV 
deposit inside a nodule. 
Positive expression is 
observed around a group 
of nuclei and eosinophilc 
bodies 


are OCT3/4 positive, and internodal stroma char- 
acteristics are similar to those of the ovarian 
stroma. All patients with gonadoblastoma have a 
DSD. 


8.4 Etiopathogenesis 

Even though its intimate mechanisms are 
not known, several non-exclusive hypotheses 
are suggested by the symptoms and by 


histology — vascular hypothesis, an alteration 
in the basal lamina of testicular cords, and 
PTPNII gene mutations. 


Vascular Hypothesis The first morphological 
indicator of testicular differentiation is the for- 
mation of the seminiferous cords. Precursors of 
Sertoli cells derive from the coelomic epithelium. 
The coelomic epithelium thickens as it differenti- 
ates. Primordial germ cells have already reached 
the cords before Sertoli cells differentiate, 
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Fig. 8.7 Fetal 
gonadoblastoid testicular 
dysplasia. Deposit of 
laminin in eosinophilic 
bodies. Note the continuity 
between the basal lamina 
of the seminiferous tubules 
and that of nodules 


although germ cells are not needed to form the 
testicular cords. The first step is the formation of 
clusters of pre-Sertoli and germ cells, after trans- 
formation of the clusters into primitive testis cord 
network (proto-cords), and finally transformation 
into definitive testis cord occurs. 


The interaction between Sertoli cells and peri- 
tubular myoid cells leads to the polarization of 
the pre-Sertoli cells and the production of several 
extracellular matrix proteins and cells in which 
the two cell types are involved [6, 7]. The primi- 
tive testis cords have a toroid (cylindric ring) 
configuration that resembles a stack of donuts 
[8]. The looped cords are aligned in parallel 
along the major axis, perpendicular to the gonad. 
When the formation of the primitive cord starts, 
they vary in shape and size, and there are pictures 
of transition between the clusters and the final 
cords [9]. The testicular cords of the central area 
of the testicle, although irregular in shape and 
size, are more advanced in their development 
than the polar cords. Fusions and blind-ended 
branch cords can be seen at all levels [10]. Most 
cordonal structures originate and terminate in the 
mesonephric edge. In the dorsomedial area of the 
gonad, the cords converge and connect with each 
other forming a plexus that will be the future rete 
testis that will connect with the mesonephric 
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tubules. This plexus has perforations through 
which vessels penetrate the mesonephros. Among 
the different factors involved in tubulogenesis, 
there is one that is essential: vascularization of 
the gonad [11]. 

The primitive gonad has a vascular system 
consisting of microvessels from the mesonephric 
vessels extending radially inside. In XY gonads 
the mesonephric plexus dissolves, and the migra- 
tion of individual endothelial cells from the 
antimesonephric region or to the coelomic 
domain begins. In the course of this migration, it 
secretes over a dozen areas and induces the 
arrangement of the Sertoli cells in the primitive 
cords. This migration is likely induced by factors 
secreted by the Sertoli cells [12, 13], and it is SRY 
dependent [14]. 

In the XY gonad, when the endothelial cells 
reach the coelomic domain, the coelomic vessel 
originates beneath the coelomic epithelium. The 
primordial blood vessel system of the testis is 
formed from the coelomic vessel. Coelomic ves- 
sel branches penetrate between the testicular 
cords and participate in tubulogenesis. 
Tubulogenesis occurs through a process of parti- 
tioning and remodeling cord branches to trans- 
form into independent loops [15]. 

Alteration in the migration of endothelial cells 
from the mesonephros disrupts cord formation 
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[16]. The arterial blood supply is not only impor- 
tant to supply blood to the gonad, but it also inter- 
venes in the testicular morphogenesis, especially in 
testis cord partitioning. Several mutant mouse 
models relate vascular anomalies and defects in the 
formation of the cords [17—19]. The presence of 
vessels penetrating into the nodules forming FGTD 
could be the image of the failure of endothelial 
cells to induce tubulogenesis and development in 
number and length of the seminiferous tubules. 


Alteration in the Basal Lamina of the 
Testicular Cords Half of FGTD cases have 
been observed in patients with WWS. WWS is a 
rare autosomal recessive form of congenital 
muscular dystrophy associated with brain and 
eye malformations [20]. It is the most severe 
form of the dystroglycanopathies [21]. In 
patients with WWS, there is an abnormal glyco- 
sylation of dystroglycan. Dystroglycan (DS) is a 
key protein for maintaining the muscle cell 
architecture by bridging the basal lamina with 
the cytoskeleton. DG is the central component of 
the dystrophin-glycoprotein complex; it contrib- 
utes to the structure of the basement membrane 
and stabilizes it through its function as a receptor 
for proteins of the extracellular matrix such as 
laminin, agrin, and perlecan in a variety of tis- 
sues. It is well known that Sertoli cells interact 
with peritubular myoid cells to produce a polar- 
ized secretion of various extracellular matrix 
proteins such as laminin, type IV collagen and 
TXa3 collagen, and heparan sulfate. These mol- 
ecules are required for the formation of the basal 
lamina surrounding the seminiferous tubules and 
to maintain their structural integrity [22]. A fail- 
ure in the formation of the basement membrane 
would make the transformation of pre-Sertoli 
and germ cells clusters into the primitive testicu- 
lar cords impossible. Proliferation of pre-Sertoli 
and germ cells clusters would lead to FGTD 
nodules. 


Mutations in the PTPN11 Gene The fact that 
two of the patients with FGTD had mutations 
in this gene and were carriers of the Noonan’s 
syndrome adds an interesting fact. It is well 


known that the testes of patients with the 
Noonan’s syndrome are carriers of primary 
lesions that often cause infertility. The high 
prevalence of cryptorchidism in these patients, 
up to 80 %, could be the explanation, but infer- 
tility is observed also in patients with descended 
testicles [23]. Hormonal and histological data 
suggest a defect in the number and function of 
Sertoli and Leydig cells [24]. Most PTPNII 
functions on the testicle have been studied in 
adults, highlighting its role on cell adhesion, 
which is necessary for the formation of the 
blood-testis barrier and regulation of the popu- 
lation of germ cells [25]. It is more than likely 
that mutations in this gene are also responsible 
for cases of FGTD. 
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Differential Diagnosis of Sertoli 


Cell Nodules 


Manuel Nistal, Pilar Gonzalez-Peramato, and 


Alvaro Serrano 


9.1 Introduction 

Sertoli cell nodules consist of a conglomerate of 
seminiferous tubules with fetal or infantile devel- 
opment, well delimited from the rest of the paren- 
chyma [1]. They are usually multiple lesions, 
ranging in size from microscopic to 3 mm [2]. 
They are observed in more than 50 % of unde- 
scended testes in adults, in the peripheral paren- 
chyma of germ cell tumors, and in infertile 
patients. They are rare in normal testes although 
isolated tubules with similar characteristics can 
be observed (hypoplastic tubules or dysgenetic 
tubules). A Sertoli cell nodule in the epididymis 
has been reported [3]. Sertoli cell nodules are 
considered one of the most common histological 
findings in the testicular dysgenesis syndrome 
(see Chap. 13). 


9.2 Histology 

The most common image is that of a group of 
tubules without lumen, small size (usually micro- 
scopic), irregularly shaped, and arranged back to 
back with one another [4]. The tubules are sur- 
rounded by a basement membrane showing vari- 
able thicknesses from one tube to another [5]. 
The basement membrane gives out fingerlike 
projections. Sertoli cells have small, spherical, 
hyperchromatic nuclei of antipodal distribution, 
on the periphery of the tubules and surrounding 
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projections of the basement membrane. The 
arrangement of Sertoli cells around the central 
mass, derived from the basal membrane, gives 
the tubules a ringed aspect. The cells may show 
mitosis. The tubular wall has no elastic fibers. 
The intertubular stroma is scarce and often lacks 
Leydig cells (Fig. 9.1). 

Immunohistochemical studies noted imma- 
ture Sertoli cells, which express in addition to 
diffuse inhibin, inhibin bodies, D2-40, AMH, 
cytokeratin 18, connexin 43, and partial or total 
absence of androgen receptors. Some are PCNA 
+ and Ki-67 + [6]. The material of the basement 
membrane and nodular formations are strongly 
PAS-positive laminin and collagen IV [7]. 


9.3 Variability of Sertoli Cell 


Nodules 


There are a number of variations that affect the 
size, the boundaries, the Sertoli cell differentia- 
tion, the presence of germ cells, the presence of 
Leydig cells between the tubular formations, the 
degree of tubular hyalinization, and the presence 
of calcification. 

The size of the nodules, usually microscopic, 
can reach 10 mm. At least 10 cases have been 
reported of these “macroscopic” Sertoli cell nod- 
ules. They are nodules that may be palpable and 
are sonographically revealed as a testicular tumor 
[8, 9] (Fig. 9.2). 


67 


M. Nistal et al., Clues in the Diagnosis of Non-tumoral Testicular Pathology, 


DOI 10.1007/978-3-319-49364-0_9 


68 


Fig. 9.1 Multiple 
spherical formations with 
cribriform pattern by the 
presence of tubular 
formations resembling 
fetal seminiferous tubules. 
Among the tubular 
formations, a loose stroma 
with Leydig cells can be 
observed 


Fig. 9.2 Giant Sertoli cell 
nodule. Tubular formations 
of different shapes and 
sizes with multiple 
irregularly anastomosing 
PAS-positive bodies. The 
nodule is well delimited 
from the surrounding 
testicular parenchyma 


The delimitation of the nodules with the 
parenchyma is generally good (Fig. 9.2), and 
even some Sertoli cell nodules are partially or 
fully encapsulated. In other cases peripheral 
hypoplastic tubes are less cohesive and mixed 
with seminiferous tubules of the neighboring tes- 
ticular parenchyma. 

In some nodules Sertoli cells do not always 
show a fetal or infantile appearance, but they 
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have some differentiation. These cells are larger, 
with elongated and vesicular nuclei and a central 
nucleolus. The cytoplasm can display one or 
more large vacuoles that displace the nuclei 
(Fig. 9.3). The tubules in these cases are larger 
with smaller deposits of basement membrane. 
Sertoli cells resemble the dysgenetic variety and 
are seen in adult undescended testes and in some 
infertile patients with dysgenetic Sertoli cell-only 
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Fig. 9.3 Sertoli cell 
nodule composed of cells 
that show some degree of 
pubertal maturation. The 
nuclei show a central 
nucleolus, and the 
cytoplasms are large and 
vacuolated 


syndrome. Even in these tubules, the Sertoli cells 
do not reach full maturation. 

The degree of thickening of the basement 
membrane not only varies within the same lesion 
but between the different lesions that could be 
present in the same testicle. The hyalinization 
tends to increase with age and may become so 
important that the tubular formations are reduced 
to thick, coarse rings or anastomosing cords 
made only of basement membrane material. 

The tubular formations of Sertoli cell nodules 
usually lack germ cells, but in some cases, the 
presence of spermatogonia and even some first- 
order spermatocytes can be observed. When the 
testicle carries a germ cell tumor, the nodules 
may contain a germ cell neoplasia in situ. 

Sertoli cell nodules are the result of the 
inability of differentiation of the cells that con- 
stitute them. Sertoli cells and myoid peritubular 
cells do not respond, or do so improperly, to 
hormonal stimuli to which they are subject, in 
contrast with the development of the rest of the 
parenchyma. The low expression of inhibin, the 
absence of androgen receptors, and the presence 
of inhibin bodies are immunohistochemical 
markers that support the immaturity of Sertoli 
cells. The absence of elastic fibers in adult testes 
suggests immaturity of the peritubular myoid 
cells [10]. Based on these facts, Sertoli cell 


nodules can be considered a primary testicular 
anomaly, and as such, this lesion is included 
among the lesions observed in the testicular 
dysgenesis syndrome [11]. 

An unresolved issue is the correct identifica- 
tion of Sertoli cell nodules in childhood. The 
importance of correct identification is great 
because if we consider that these lesions are dys- 
genetic, they must somehow be present in the 
prepubertal testicles. And their observation 
would provide more information when assessing 
the fertility potential in a biopsy in childhood. In 
retrospective, a study trying to identify the pres- 
ence of hypoplastic areas has observed a lesion 
that could be the precursor. It is a focal lesion that 
consists of seminiferous tubules with numerous 
anastomoses that can show granular changes in 
Sertoli cells and lack of androgen receptors in the 
testes of patients older than 5 years. 


9.4 Differential Diagnosis 

The variety of histological patterns of the Sertoli 
cell nodules may pose a differential diagnosis 
with the following entities: intratubular large 
cell hyalinizing Sertoli cell neoplasia, gonado- 
blastoma, sex cord tumor with annular tubules, 
and Sertoli cell tumor “not otherwise specified” 
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Fig. 9.4 Sertoli cell 
nodule surrounded by 
atrophic seminiferous 
tubules. Among the tubular 
sections, there are 
numerous Leydig cells 
simulating a well- 
differentiated Sertoli/ 
Leydig cell tumor 


(Fig. 9.4). The differential diagnosis can also 
arise with fetal gonadoblastoid testicular dys- 
plasia (see Chap. 8), Sertoli-Leydig hamartoma, 
and Sertoli cell adenoma in patients with andro- 
gen insensitivity (see Chap. 6). 


Sertoli Cell Nodules Versus 
Intratubular Large Cell 
Hyalinizing Sertoli Cell 
Neoplasia 


9.4.1 


Sertoli cell nodules share with this neoplasm the 
multifocality; the small size, none of them usu- 
ally causing testicular enlargement; the mainte- 
nance of a tubular structure; the thickening of the 
basement membrane; the intratubular protru- 
sions; and the presence of calcifications (Fig. 
9.5). The most important differences are in intra- 
tubular large cell hyalinizing Sertoli cell neopla- 
sia, the tubules are more individualized, they 
rarely anastomose, and they may be in continuity 
with normal tubes. The diameter is larger. Sertoli 
cells are larger. The nuclei are spherical, they are 
not polarized, they are euchromatic, and they 
have a central nucleolus [12, 13]. They do not 
contain germ cells (Fig. 9.6). 

In childhood, seminiferous tubules of the 
peritumoral testicular parenchyma in this neo- 
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plasia have a more advanced maturation not 
only with the presence of a greater number of 


spermatogonia but even spermatids [14]. 
Immunohistochemically cells of the intratubular 
hyalinizing large Sertoli cells neoplasia express 
the following markers: calretinin, cytokeratin 
AE1/AE3, Melan A, and synaptophysin. Many 
of these neoplasias are diagnosed in childhood, 
at an age in which Sertoli cell nodules are not 
well developed, in undescended testes and in 
patients with Peutz-Jeghers syndrome or Carney 
complex [14, 15]. 


9.4.2 Sertoli Cell Nodules 
with GCNIS 
Versus Gonadoblastoma 


When Sertoli cell nodules contain germ cells, 
they adopt a strong resemblance to nodular for- 
mations of gonadoblastoma (Figs. 9.7 and 9.8). 
The differential diagnosis is important among 
other data because 40 % of gonadoblastomas are 
bilateral cases that can progress to an infiltrating 
tumor. Macroscopically, cell nests of gonado- 
blastomas are larger without an inner tubular 
architecture. 

Hyalinization of the tubular wall, inward 
basement membrane protrusions, and double 
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Fig.9.5 Sertoli cell 
nodule. Numerous 
fingerlike projections of 
the basement membrane 
material into the 
seminiferous tubules 
stained with PAS 


Fig. 9.6 Intratubular large 
cell hyalinizing Sertoli cell 
neoplasia. The tubules have 
both focal and diffuse 
thickening of the basement 
membrane and projections 
inside of the same material; 
some tumor Sertoli cells 
are preserved (PAS stain) 


cell type, one of hyperchromatic nucleus and 
germ cells, may be observed in both disorders. 
The first one has a more angulated nucleus and 
little cytoplasm and shares with Sertoli cell 
inhibin expression in the Sertoli cell nodules, 
WTI and SOX9, but differ from them by the 
nuclear expression FOXL2, which permits us to 
say that these sex cord cells are more undiffer- 


entiated, which justifies its interpretation some- 
times as Sertoli cell and in other occasions as 
granulosa cells [16]. 

In Sertoli cell nodules, the germ cells can be 
spermatogonia or gonocyte-like cells. The pres- 
ence of the second type of cells makes diagnosis 
more difficult. In both cases there are tumor germ 
cells (cells positive for PLAP and OCT3/4). 
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Distribution of germ cells, the findings in the 
neighboring parenchyma, and the pathology 
being suffered by the patient are considered 
important differential criteria. In Sertoli cell nod- 
ules with tumor cells, these are not as abundant, 
they adopt a patchwork distribution, and they are 
located peripherally or centrally. No preferred 
distribution exists in a gonadoblastoma. The 
neighboring parenchyma shows a germ cell 


Fig.9.7 Sertoli cell 
nodule located infiltrated 
by GCNIS cells on the 
periphery of a germ cell 
tumor. In the central part 
of the tube, atypical germ 
cells are outstanding. 
Adjacent tubules also show 
GCNIS 
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Fig.9.8 Gonadoblastoma. 
The figure shows two 
nodular formations that 
have a significant 
resemblance to those of 
the previous figure. The 
more regular distribution 
of germ cells between the 
Sertoli/granulosa cells and 
separation of the nodules 
by dense connective tissue 
are important clues for 
differential diagnosis 
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tumor or germ cell neoplasia in situ, and the 
interstitium is scarce and loose in the Sertoli cell 
nodules. Patients with Sertoli cell nodules are 
phenotypically normal males which often have 
cryptorchidism, while carriers of a gonadoblas- 
toma have a disorder of sexual development. In 
these cases, the gonadoblastoma can settle on a 
streak gonad, on dysgenetic testes, or on streak 
testes or ovotestes. 


9.4 Differential Diagnosis 


9.4.3 Sertoli Cell Nodules Versus Sex 
Cord Tumor with Annular 
Tubules (SCTAT) 


Ring-shaped tubules can be seen in the Sertoli cell 
nodules, in large cell intratubular hyalinizing 
Sertoli cell neoplasia, in the periphery of the calci- 
fying large cell Sertoli cell tumor, and in sex cord 
tumor with annular tubules. While diagnosis of the 


Fig. 9.9 Sertoli cell 
nodule in which the 
distribution of cells over 
the basement membrane 
and over the eosinophilic 
material of the bodies 
simulates sex cord tumor 
with annular tubules 
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Fig.9.10 Sex cord tumor 
with annular tubules. The 
complexity of tubular 
formations with numerous 
annular formations inside 
is an important data for 
differential diagnosis 
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first one is relatively easy, the morphological dif- 
ferential diagnosis of sex cord tumor with annular 
tubules is more difficult because the images can be 
superimposed. A useful criterion, in addition to the 
size, is the absence in Sertoli cell nodules in the 
large islet of cells surrounding multiple bodies 
derived from the basement membrane that is one 
of the main components of tumors with annular 
tubules [17] (Figs. 9.9 and 9.10). 
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9.4.4 Macroscopic Sertoli Cell 
Nodules Versus Sertoli Cell 
Tumors “Not Otherwise 
Specified” 


Cases have been reported in which the size of 
Sertoli cell nodules reaches 10 mm. On the other 
hand, the size of Sertoli cell tumors ranges from 
0.3 to 15 cm [18, 19]. Consequently, the size is 
not an absolute criterion. This Sertoli cell tumor 
has a strong tubular structure. Basement mem- 
branes are neither thickened nor have inward 
PAS-positive protrusions. The cells have ovoid, 
vesicular nuclei and an important cytoplasmic 
vacuolization. The intertubular stroma is gener- 
ally fibrous, often hyalinized. The most impor- 
tant immunohistochemical data for distinguishing 
them are positivity in tumor cells for calretinin, 
cytokeratins, beta-catenin, S100, chromogranin, 
and EMA. 
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10.1 Testicular Calcifications 


10.1.1 Testicular Microlithiasis 


Incidence The presence of microliths is a com- 
mon finding in patients with cryptorchidism; infer- 
tility; testicular tumors; genetic syndromes such as 
Down, Klinefelter’s, and McCune-Albright; and 
congenital adrenal hyperplasia and even in testi- 
cles considered normal. The most interesting prob- 
lem is to separate the cases where it has no clinical 
relevance from those others that can actually be a 
manifestation of an underlying pathology as it 
occurs in the testicular dysgenesis syndrome. 


Historical data of the impact of microlithiasis 
were based on histological and radiographic 
studies. In histological studies, testicular microli- 
thiasis is found in about 0.16 % of pediatric tes- 
ticular biopsies [1], 1 % of biopsies of infertile 
men [2], and 4 % of adult male autopsies [3]. The 
incidence found in two radiological series varied 
from 0.6 % [4] to 74 % [5]. 

Studies based on ultrasound show an inci- 
dence that is related to the following variables: 
age, symptomatic or asymptomatic populations, 
and testicular disease studied. The incidence in 
asymptomatic boys is 2.4 % for classical microli- 
thiasis and 1.8 % for limited microlithiasis [6]. In 
pediatric patients with any of the following con- 
ditions: cryptorchidism, hydrocele, scrotal swell- 
ing, chromosomal anomalies, orchalgia, and 
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testicular torsion, the incidence of microlithiasis 
varies from 2.8 % [6] to 8.7 % [7]. In unde- 
scended testes it is related to the location of the 
testes (1 % in inguinal testes, 5 % intra-abdominal 
testes) and bilateralism (25 % in bilateral crypt- 
orchid testes). Microlithiasis incidence tends to 
increase with age. 

Sonographic incidence of classical microli- 
thiasis in asymptomatic adults varies from 2.4 % 
[8] to 5.6 %, and 66 % of them were bilateral [9]. 
There are significant ethnic differences (white 
4 %, black 14.1 %, and Hispanic 8.5 %) and geo- 
graphic differences (Asian or Pacific Island men 
5.6 %). In adults the incidence varies greatly 
depending on the disease studied: 9.52 % of 
patients with excryptorchidic testes [10], from 
1.5 to 18 % in infertile patients [11, 12], and 
30-50 % of adult testes with germ cell tumors 
[13]. It can be seen both in tumoral and contralat- 
eral testis whether or not this one has a tumor 
[14]. Both the number of microliths and their dis- 
tribution pattern are very variable (Fig. 10.1). 
Characteristic patterns as a diffuse symmetrical 
distribution, unilateral foci, and peripheral 
clumping have all been described [15]. 

The most common clinical symptom for 
which ultrasound is prescribed is pain (48 %), 
and cryptorchidism is the most frequently associ- 
ated clinical pathology (11 %). The pain has been 
associated with seminiferous tubule dilatation 
secondary to the obstruction caused by micro- 
liths [16]. 
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Histology In prepubertal testis, microliths stand 
out both by their concentric laminar structure and 
by being surrounded by a double crown of Sertoli 
cells (Fig. 10.2). The difference in size of the 
tubules with microliths and those in the rest of the 
parenchyma is very large. This fact is further high- 
lighted by the already decreased tubular diameter 
caused by the underlying testicular pathology [1]. 


In adults, microliths can be seen in the lumen 
of the seminiferous tubules, but also within the 
seminiferous epithelium of the seminiferous 


Fig. 10.1 Classic microlithiasis in a 5-year-old child. 
Ultrasound image showing numerous regularly distrib- 
uted microliths in the testicular parenchyma 


Fig. 10.2 Two microliths 
surrounded by a double 

crown of Sertoli cells in a 
child with cryptorchidism 


tubules or outside them (Figs. 10.2 and 10.3). 
Also other common locations are the Sertoli cell 
nodules, frequent in undescended testes, and 
inside the seminiferous tubules with germ cell 
neoplasia in situ (Figs. 10.4 and 10.5). X-ray dif- 
fraction [17] and Raman spectroscopy [18] stud- 
ies suggest that the mineralized material 
corresponds to hydroxyapatite crystals. 


Origin of the Microliths There are two 
schools of thought. The first one believes that 
microliths originate intratubularly. The second 
one thinks they are formed in the tubule wall 
and removed through the tubular epithelium 
into the lumen. Inside the tubule they would 
originate in sloughed germ cell debris on which 
concentric rings of glycoproteins are deposited 
[19]. The second hypothesis, an extratubular 
origin, is supported by morphological and 
immunohistochemical facts [20]. Both in child- 
hood and adulthood, spherical eosinophil bod- 
ies in the wall of the seminiferous tubules can 
be seen in the testis with microlithiasis. This 
material is surrounded by abundant laminin and 
collagen IV, two constitutive basal lamina 
materials produced by Sertoli cells. In child- 
hood, serialization of the tubules with micro- 
liths known as “ring-shaped tubules” shows 
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Fig. 10.3 Microliths in 
one seminiferous tubule 
with spermatogenesis in an 
infertile patient. One 
microlith appears in the 
lumen of the tubule, while 
the other is still connected 
to the tubular wall 


Fig. 10.4 Microlithiasis 
and GCNIS. Seminiferous 
tubule with marked 
thickening of the wall and 
forming microliths located 
between the wall and the 
tumor cells. The microliths 
are still surrounded by 
some flattened cells of the 
wall that they have 
probably been dragged 
inward 


that they are bell shaped, and it is in the central 
part, extratubularly, where the microlith is 
located. Some are even surrounded by a layer of 
flattened cells of the tubular wall. In the adult, a 
whole sequence of images showing migration 
from the tubular wall to the lumen can be seen; 
first they protrude inwardly, then they lift the 
seminiferous epithelium, and finally they get 
located in the lumen. The seminiferous tubules 
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suffer cystic transformation probably second- 
ary to obstruction by microliths. The participa- 
tion of Sertoli cells and structures of the tubular 
wall in the formation of microliths links differ- 
ent histological lesions observed in the testicu- 
lar dysgenesis syndrome. 


Microlithiasis and Testicular Cancer The 
association of microlithiasis and testicular can- 
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Fig. 10.5 Microlith in 
formation present in one 
seminiferous tubule with 
GCNIS. The microlith 
with laminated structure is 
placed in a splitting of the 
tubular wall. 
Immunostaining for 
laminin 


cer is still an unresolved problem [21]. While 
in childhood there is no concern about the 
microlithiasis, unless there is another associ- 
ated pathology, in adults the evidence of this 
association grows over the basis on the follow- 
ing facts: half of the patients with germ cell 
tumors have microlithiasis, some patients diag- 
nosed with microlithiasis develop testicular 
tumor, and there are patients with retroperito- 
neal or mediastinal germ cell tumors showing 
testicular microlithiasis. There is an increased 
incidence of testicular microlithiasis in men 
with familial testicular germ cell tumors and 
their relatives. Not all germ cell tumors are 
associated with microlithiasis with the same 
frequency; seminomas are having the highest 
association and embryonal carcinomas the 
lowest one [22]. 


Monitoring of patients with testicular microli- 
thiasis but no other illness would be enough with 
an annual ultrasound [23] or could even do with- 
out it [24]. Annual ultrasonography and testicular 
biopsy would be indicated in patients with any of 
the following associated pathologies: cryptorchi- 
dism, infertility, testicular atrophy, and microli- 
thiasis in the testis contralateral to the one with 
germ cell tumor [25]. Do not forget that all these 


conditions are included in the testicular dysgen- 
esis syndrome (see Chap. 13). 


10.1.2 Macrolithiasis Separated 
from Any Intratesticular Mass 


Macroliths have been defined as calcifications with 
a size between 2 and 10 mm in diameter. They are 
more frequent in adults than in children. Most cal- 
cifications correspond to old processes such as tes- 
ticular infarcts, hematomas, and granulomatous 
orchitis. In other cases they are associated with vas- 
cular pathologies such as phleboliths in the varico- 
celes or calcification of the vascular wall with age. 

A very interesting calcification is described in 
adults as calcified “clumps” or calcified “scars.” 
This intraparenchymatous macrocalcification is 
observed in patients presenting with a mediasti- 
nal or retroperitoneal germ cell tumor. Upon 
exploring the testicle, a retracted area stands out 
with a scarred aspect that can show multiple 
calcifications. This type of calcification is related 
to the sequel of a “burnt-out” testicular germ cell 
tumor that has previously originated metastases. 
In the histological study of a testicular tumor, 
often some tumor rests are still recognized such 
as germ cell neoplasia in situ or small cysts [26]. 


10.1 Testicular Calcifications 


10.1.3 Tumor-Associated 
Calcifications 


Intratesticular calcifications are observed in 
tumoral and pseudotumoral lesions. Calcifications 
are typical of gonadoblastoma, the most frequent 
tumor of the gonads in DSD patients. Calcification 
can become so massive that it prevents the histo- 
logical recognition of tumor rests. Germ cell 


Fig. 10.6 Conglomerate 
of multiple calcifications 
in the testicular 
parenchyma is next to a 
residual cystic formation 
in a patient with a 
burned-out germ cell 
tumor 


Fig. 10.7 Laminated 
calcifications of varied 
shapes and sizes 
surrounding cell cords in 
large cell calcifying Sertoli 
cell tumor 
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tumors that most often show calcifications are 
teratomas (Fig. 10.6) followed by embryonal car- 
cinomas and choriocarcinomas, in the latter two 
in relation to areas of necrosis. Gonadal stromal 
tumors may also show calcifications which are 
common in some variants of Sertoli cell tumors 
such as large cell calcifying Sertoli cell tumors 
[27] (Fig. 10.7) and intratubular large cell 


hyalinizing Sertoli cell neoplasia [28]. Leydig 
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cell tumors rarely show calcifications [29]. 
Calcifications in the wall of different types of 
intraparenchymal cysts such as epidermoid cysts, 
or simple testicular cysts, have also been reported. 


10.2 Paratesticular Calcifications 


Paratesticular calcifications are more common 
than testicular ones and are generally associated 
with benign processes [30]. They can be located 
in the epididymis, epididymal or testicular appen- 
dix, tunica vaginalis, or intravaginal cavity (see 
Chaps. 31, 35, and 37). 


10.2.1 Calcifications 
of the Epididymis 


Etiology The etiology of calcifications of the 
epididymis is varied: post-inflammatory (chronic 
bacterial epididymitis, tuberculosis, genital fila- 
riasis), post-traumatic (riding, extreme mountain 
bikers), vascular (arteriosclerosis, hematoma, 
and varicocele), and post-obstructive (sperm 
granuloma). Ultrasound images of some calcifi- 
cations are characteristic. In granulomatous and 
tuberculous epididymitis and secondary to 
repeated microtrauma (mountain bikers), calcifi- 


Fig. 10.8 Idiopathic 
microlithiasis of the 
epididymis. The tubular 
lumen is completely 
occupied by a fully 
calcified microlith 


cations are unique and large (up to 1 cm diame- 
ter) and cast an acoustic shadow. Calcification 
hematomas have a curvilinear appearance. 


An extremely common condition is epididy- 
mal calcifications secondary to hemodialysis. 
These calcifications are mostly bilateral and have 
the sonographic features of microliths. They are 
described as multiple comet-shaped foci of 
microcalcifications throughout the epididymis 
[31]. They are present in 70 % of patients under- 
going dialysis [32] and in 77 % in the population 
of young adult kidney transplant recipients [33]. 
The calcification is due to cell-mediated mecha- 
nisms secondary to an imbalance in calcium and 
phosphorus metabolism [33]. 


Histology Histologically calcifications can 
adopt two patterns, amorphous and laminated 
concentric (microlithiasis). Amorphous calcifica- 
tions are characteristic of post-inflammatory, 
post-traumatic, vascular, and _post-obstructive 
injuries. Most calcium deposits are related to 
interstitial and sperm extravasation or chronic 
inflammation. Idiopathic epididymal microlithia- 
sis is a rare, asymptomatic disease not related to 
testicular microlithiasis or testicular cancer [34, 
35]. In 0.8 % of histological autopsy studies of 
normal subjects, idiopathic calcifications are 


References 


observed, a figure that rises up to 3 % of the epi- 
didymis removed due to scrotal diseases [34]. 


Microliths are found in three different 
locations: intraluminal, subepithelial, and inter- 
stitial. Intraluminal microliths have three origins: 
microliths originated in the testicle or in the rete 
testis that are expelled through the spermatic 
ducts; microliths originated under the epithelium 
and secondarily eliminated into the lumen, as it 
occurs in testicular microlithiasis; and calcifica- 
tion of intraluminal eosinophil bodies described 
as Liesegang rings [36] (Fig. 10.8). 

Interstitial microliths are located in the body 
and the tail of the epididymis and associated with 
rich infiltrated macrophages simulating malaco- 
plakia. Some originate directly in the interstitium 
coinciding with ischemic lesions; others, espe- 
cially those of the cauda epididymis, reach the 
interstitium through breaks in the wall of diver- 
ticula that are frequent at this level [37]. 


10.2.2 Epididymal Stones 


They constitute an incidental finding in the study 
of surgical specimens removed due to different 
pathologies or in routine autopsy studies of elderly 
testes. They are preferably located in the tail, a 
dilated epididymal duct, or inside a diverticulum. 
Its size can reach several mm. The shape is ovoid 
or lobed. Histologically they lack the radial and 
laminar structure of microliths. Epididymal lithia- 
Sis is associated with testicular parenchyma 
lesions of obstructive pattern (see Chap. 17). 
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11.1 Hypothalamic-Pituitary- 


Testicular Axis 


The hypothalamic-pituitary-testicular axis (HPT) 
undergoes three activations throughout life: in 
fetal life, in the first months of postnatal life 
(mini-puberty) and at puberty. 


The HPT Axis in Fetal Life At 15 weeks of 
gestation, GnRH neurons from the nasal placode 
have already reached the hypothalamus. 
Stimulation of gonadotropic cells of the anterior 
lobe of the hypophysis leads to secretion of FSH 
and LH, which can be detected between 12 and 
14 weeks. Circulating levels reach a peak between 
20 and 25 weeks of gestation. Early in fetal life, 
the placenta secretes hCG that reaches a peak in 
the fetal circulation between 12 and 17 weeks. 
This gonadotropin is structurally and biologically 
similar to LH. The three gonadotropins decrease 
throughout pregnancy to be probably suppressed 
by high estrogen production by the placenta [1]. 


From week 8 fetal testes produce two hor- 
mones: the antimiillerian hormone (AMH) and 
testosterone. AMH secreted by Sertoli cells 
forces the regression of the Miillerian ducts. 
Testosterone comes from conversion of andro- 
stenedione secreted by Leydig cells by the Sertoli 
cells [2] and induces the development of the male 
internal genitalia. The conversion of testosterone 
in dihydrotestosterone by the 5-alpha-reductase 
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enzyme leads to the development of the prostate, 
the penis, and the scrotum. Higher testosterone 
levels are reached between 10 and 20 weeks and 
then decline throughout gestation. Testosterone 
secretion depends on the hCG in the first and sec- 
ond quarters of pregnancy. 

The testicular descent begins early. The first 
phase of testicular descent is known as transab- 
dominal and completed in the 15th week of ges- 
tation. It depends on insulin-like peptide 3 
(INSL-3) produced by the Leydig cells, which 
reaches peak levels during the first half of gesta- 
tion [3]. The second phase of descent, also known 
as inguinoscrotal, is completed in the 35th week 
of gestation and is androgen dependent. 
Androgens act indirectly via the genitofemoral 
nerve that produces calcitonin gene-related pep- 
tide that controls the elongation of the gubernac- 
ulum until reaching the scrotum [4]. 


The HPT Axis in Postnatal Life Very low lev- 
els of FSH and LH are found during the first days 
of life. HCG disappears after the first few days. 
From this moment, a new activation of HPT axis 
known as mini-puberty starts [5]. After the first 
week, a rapid rise of LH and FSH in smaller pro- 
portion occurs to reach a peak within 3 months. 
Hormonal rates are similar to those of puberty or 
even to adulthood. The consequence of elevated 
LH is an activation of the Leydig cells with 
increased testosterone and INSL-3 production. 
The elevation of FSH produces increased number 
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of Sertoli cells and their markers, inhibin B and 
AMH, as well as renewal and differentiation of 
germ cells with an increase in their number. As a 
result of this hormonal activation, the testicular 
volume increases temporarily. FSH and LH lev- 
els begin to decrease between the 6 and the 9 
months of life, which correlates with a diminu- 
tion of testicular size that occurs by the second 
year of life. 


11.2 Basic Data to Evaluate 
an Undescended Testis 


11.2.1 Clinical Data 


Among the clinical data, the following are par- 
ticularly significant: age, location of the testicle, 
bilateralism, testicular volume, hormonal rates, 
associated malformations, associated syndromes, 
and chromosomal abnormalities. 


Age Testicular alterations in undescended testes 
are considered early so that delaying treatment 
beyond the first year supposes a risk of lesion 
worsening [6]. 


Location of the Testis Abdominal testes 
develop more serious lesions than those in the 
inguinal canal. The most consistent alteration is 
the loss of germ cells [7]. 


Bilateralism Bilateralism is a sign of poor prog- 
nosis. The incidence of azoospermia in patients 
with unilateral cryptorchidism is 13 %, while in 
patients with bilateral undescended testes, it is 
89 % [6]. Patients with bilateral undescended tes- 
tis in adulthood generally have lower sperm con- 
centration, lower sperm motility, smaller testicular 
volume, and lower inhibin B levels. 


Testicular Volume The seminiferous tubules 
are responsible for 90 % of the testicular volume 
in childhood. Of all the methods for measuring 
testicular volume, including orchidometry [8, 9], 
rulers, calipers, and ultrasonography, this is the 
most accurate system for measuring testicular 


size in children [10]. The testicular volume in 
cubic cm is calculated with the following for- 
mula: length x width x height x 0.71 [11]. In the 
first 5 months of life, testicular volume increases 
0.27 cm? (+0, 002) to 0.44 cm? (+0.03). The vol- 
ume decreases to 0.31 cm? (+0.02) at 9 months. 
The greater testicular size in this period occurs in 
the mini-puberty [12]. During the following 
years, the volume remains constant until the age 
of 6 years. In undescended testicles the tubular 
diameter remains below normal values. 


Another method used is the testicular atrophy 
index, introduced by Niedzielski in 2003 [13]. It 
is defined as less affected testis volume/contralat- 
eral testis volume x 100, expressed as a percent 
that is useful for unilateral cryptorchidic testes, 
and the variant introduced by Spinelli in 2014 
[14] for bilateral ones. With these methods it is 
possible to identify patients amenable to medical 
treatment in addition to surgery. 


Hormonal Rates There is ample evidence to 
suggest that many cryptorchidic boys have a defi- 
cit at the hypothalamic or pituitary level. 
Cryptorchidic patients show low inhibin B and 
low LH levels and testosterone and free androgen 
deficiency early after birth. The response to stim- 
ulation with hCG of Leydig cells is decreased. 
Treatment prior to orchiopexy with GnRH 
improves tubular fertility index in both bilateral 
and unilateral cryptorchidism [15], elongates the 
spermatic cord structures, and enlarges the ingui- 
nal canal [16]. 


Associated Malformations Sixty-two to Ninety 
percent of cryptorchidic patients have an ipsilat- 
eral patent vaginal process, and 65-75 % of 
cryptorchidic males have a hernial sac. 
Urological malformations are present in 10 % of 
patients and include hypospadias, complete 
duplication of the urinary tract, nonobstructive 
urethral dilation, kidney malrotation, and poste- 
rior urethral valves. Anomalies in the relation- 
ship between testis and epididymis are frequent 
in the undescended testes. Some of them consist 
of fusion anomalies and others of suspension 
anomalies [17]. 
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Associated Syndromes Although cryptorchi- 
dism usually appears as an isolated anomaly, 
this disorder is often associated with congeni- 
tal, endocrine, or chromosomal disorders and 
also with disorders in sexual differentiation. 
Cryptorchidism is a common finding in patients 
with GnRH deficit, Kallman’s syndrome, 
Prader-Willi’s syndrome, testicular feminiza- 
tion syndromes caused by androgen receptor 
anomalies, 5-a-reductase deficiency, several 
types of undermasculinization caused by AMH 
absence, Klinefelter’s syndrome, and Noonan’s 
syndrome. 


11.2.2 Histological Data 


The procedure that has contributed most to the 
knowledge of lesions in the undescended testis 
has been the testicular biopsy. Today it continues 
to be indicated in all undescended testes that do 
not respond to LHRH therapy. Many histological 
data evaluated as a whole allow us to suggest the 
nature of the lesions and venture a fertility prog- 
nosis in patients with cryptorchidism. The tubu- 
lar diameter, the number and type of germ cells, 
the distribution of germ cells in the seminiferous 
tubules, the number of Sertoli cells by transverse 
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Fig. 11.1 Cryptorchidism 
type I. Moderate decrease 
of the diameter tubular and 
the presence of 
spermatogonia in 
approximately 50 % of the 
tubular sections are shown 
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tubular section, and the state of the Leydig cells 
are considered particularly important. 

The tubular diameter in childhood depends pri- 
marily on the number of Sertoli cell and their tro- 
phic status, data that correlate with FSH levels, and 
rates of responsiveness to them. The contribution 
of germ cells to the tubular diameter at this stage of 
development is scarce. The tubular diameter varies 
throughout childhood, reaches 80 microns at the 
6th month of life and reaches its lowest at the end 
of the third year, and then it increases slowly until 
9 years and then abruptly at puberty with the 
appearance of tubular lumen and spermatogenesis; 
it finally goes up to 180 microns in adults. 

The decrease of the tubular diameter or tubular 
hypoplasia is very common in undescended testi- 
cles. It can be graduated as mild tubular hypopla- 
sia (tubular diameter loss of no more than 10 % of 
the average value for age), moderate tubular 
hypoplasia (tubular diameter loss is >10 % but 
<30 % of the normal diameter for age) (Fig. 11.1), 
and severe tubular hypoplasia (tubular diameter 
loss is >30 % of the normal value for age). 


Germ Cells The number of germ cells can be 
estimated by two methods: (1) the tubular fertil- 
ity index and (2) the germ cell number per cross- 
sectioned tubules. 
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Fig. 11.2 Cryptorchidism 
type III. The absence of 
germ cells in a 3-year-old 
child. The seminiferous 
tubules have reduced 
diameter and a low number 
of Sertoli cells 


The tubular fertility index (TFI) [18] is the 
percentage of tubular sections shown by at least 
one germ cell. In normal testicles this number 
decreases from birth (68 %) until the end of 
3 years of age (50 %) and, slowly, increases again 
to reach 100 % at puberty [19]. TFI decreases can 
be slight (TFI higher than 50 %), marked (TFI 
between 50 and 30 %), and intense (TFI lower 
than 30 %). Marked and intense decreases are 
very frequent in undescended testes, often associ- 
ated with low tubular diameters [20] (Fig. 11.2). 


Germ Cell Number per  Cross-Sectioned 
Tubule In normal testes, the number of sper- 
matogonia decreases from birth to the end of 
3 years of life, increases slowly up to 8 years of 
age, decreases again between 9 and 10 years, and 
markedly increases once more from 12 years of 
age to the end of puberty [21, 22]. In most unde- 
scended testes, this parameter is decreased. 


Distribution of Spermatogonia in the Testicular 
Parenchyma Undescended testes frequently 
show an irregular distribution of germ cells. 
There are tubules devoid of them that have the 
peculiarity, as found in serial sections, to belong 
to the same lobule. These tubules will probably 
never develop spermatogenesis. 
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Germ Cell Types Changes in the number of sper- 
matogonia and gonocytes can be observed in 
cryptorchidic testes, as well as the appearance of 
hypertrophic and multinucleated spermatogonia. 
The differential count of spermatogonia and gono- 
cytes enables to differentiate two groups of unde- 
scended testes. One of these groups shows the 
following changes: complete migration of gono- 
cytes and fetal spermatogonia from the center of 
the seminiferous tubules to the periphery, transfor- 
mation of gonocytes into A dark spermatogonia, 
and the absence of gonocytes after the first year of 
life. In the second group of undescended testes, 
these events have not occurred. The transforma- 
tion of gonocytes in Ad spermatogonia that occurs 
in late pregnancy and the first months of life is an 
androgen-dependent phenomenon, and it is not 
present in many undescended testicles [23]. 


The first group has a similar-to-testis normal 
behavior and therefore has undergone mini- 
puberty. In the second group, mini-puberty does 
not occur and patients are carrier of hypogonado- 
tropic hypogonadism [24, 25]. A mini-puberty 
defect may be present in up to 50 % of cryptor- 
chidic boys [26]. The presence of Ad spermato- 
gonia in childhood in both testes is positively 
correlated with fertility [27]. 
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Appearance of First-Order Spermatocytes 
Throughout the fourth year of life, some sper- 
matocytes that are located in the central part of 
the tubule appear in many seminiferous tubules 
of the control testes [28]. This initial spermato- 
genesis does not progress and is a transient event. 
It is not related to any increase in FSH, LH, or 
testosterone but most likely depends on the 
appearance of androgen receptors in the Sertoli 
cells that would optimize the small amounts of 
androgens produced by the Leydig cells. First- 
order spermatocytes are absent in many unde- 
scended testicles [29]. 


Hypertrophic and Multinucleated Spermatogonia 
Hypertrophic spermatogonia are observed in 
most undescended testes. They are interpreted as 
cells unable to complete mitosis once they were 
able to duplicate the DNA [30]. Multinucleated 
spermatogonia appear in 8 % of undescended tes- 
ticles. The nuclei may be all Ad or Ap spermato- 
gonia or a combination of the two types. They are 
considered the product of amitotic divisions and 
a feature of cellular degeneration [31] (Figs. 11.3 
and 11.4). 


Sertoli Cells In childhood the Sertoli cells are 
mainly responsible for the testicular volume and 


Fig. 11.3 Hypertrophic 
spermatogonia in an 
undescended testicle of a 
3-year-old child 
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represent 93-95 % of cells in the tubule [32]. The 
increase in testicular volume is linked to growth 
in length of the seminiferous tubules, facilitated 
by the displacement of the Sertoli cells along 
same, rather than to an increase of the tubular 
diameter. The number of Sertoli cells per tubular 
cross section suffers only moderate changes 
throughout childhood. 


However, in half of the cases of undescended 
testes, the number of Sertoli cells is lower than 
normal (<26 +3 per cross tubular section at the 
time of birth) [33]. This number decreases to 
16+2 at the end of the third year. Sertoli cells 
often do not acquire androgen receptors at 4 years 
of age, or do so irregularly, and they are present 
in some children but not in others (Fig. 11.5); this 
situation is usually prolonged beyond puberty. 
Two-point-six percent of undescended testes 
show focal granular changes in the Sertoli cells. 
These granular changes represent an accumula- 
tion of large lysosomes in their cytoplasm [34]. 
Sertoli cell-only tubules frequently express 
D2-40 (Fig. 11.6). 


Leydig Cells Based on the number of Leydig 
cells and their differentiation throughout child- 
hood, there are two types of undescended testi- 
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Fig. 11.4 Undescended 
testicle of a 3-year-old 
child showing 
multinucleated 
spermatogonia located 
both over the basement 
membrane and within the 
seminiferous tubules 
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cles. In one of these types, the Leydig cells 
show marked atrophy [35, 36]. These testes are 
associated with the absence of Ad spermatogo- 
nia and suboptimal testosterone secretion. 
Other testes show normal secretion of testoster- 
one and the presence of Ad spermatogonia. The 
first group supports the idea of an endocrine 
disease as an etiological factor in cryptorchi- 
dism [6]. 


Contralateral Testis In many cases the contra- 
lateral testis shows lesions similar to the unde- 
scended testis, reinforcing the idea that 
cryptorchidism is a bilateral disease [37, 38]. 


Development of Epididymis Histological stud- 
ies have revealed a delay in the development of 
the epididymis in all prepubertal undescended 
testicles. The height of the epithelium, the devel- 


11.3. Classification of Undescended Testis 


opment of the muscular layer, and the amplitude 
of light are affected [39]. 


11.3 Classification 
of Undescended Testis 


The frequency with which the previously 
described histological lesions are grouped allows 
to classify most testicular biopsies from cryptor- 
chidic testis of children younger than 4 years of 
age in three types: type I, testes with slight altera- 
tions (31 % of undescended testes); type II, testes 
with marked germinal hypoplasia (29 %); and 
type III, testes with severe germinal hypoplasia 
(40 %) [40] (Table 11.1). 


Fig. 11.6 Testicular 
lobule of an undescended 
testis with Sertoli cell-only 
tubules positive for D2-40 
is side by side with other 
seminiferous tubule with 
germ cells 
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Ninety-five percent of the testicles with type I 
lesions have spermatogonia type Ad, suggesting 
that they have undergone mini-puberty. About 
8 % show many multinucleated spermatogonia. 
Type I lesions are comparable to the lesions seen 
in experimental cryptorchidism and also in nor- 
mal testes with lesions induced by increased tem- 
perature [38]. 

The testicles with type II lesions show a slight 
thickening of the lamina propria. Twenty percent 
also show Ad spermatogonia, but their number is 
very limited by the presence of abundant tubules 
devoid of germ cells. Most testes with type MI 
lesions lack Ad spermatogonia and have marked 
thickening of the tunica propria and in 30 % of 
cases microliths (Fig. 11.7). 


Table 11.1 Classification of histological lesions in prepubertal cryptorchidic testis according to morphometric 


parameters 
Type of lesion Spermatogonia 
(incidence) MTD TFI (%) SCN distribution Spermatogonia Ad 
Type I (31 %) Slightly decreased (90 % >50 Normal Regular 95 % 
normal values) 
Type II (29 %) Markedly decreased 30-50 Decreased Irregular 29 % 
(90-60 % normal values) 
Type III (40 %) | Severely decreased 0-30 Very low Irregular Isolated 
(<60 % normal values) 


MTD mean tubular diameter, TF/ tubular fertility index (percentage of germ cell-containing tubules), SCN Sertoli cell 
number (average Sertoli cell number per cross-sectioned tubule) 
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Fig. 11.7 A microlith is 
inside a large seminiferous 
tubule in a child with 
cryptorchidism type 

NI. Immunostaining with 
type IV collagen 


The contralateral testis in unilateral cryptor- 
chidism often presents lesions. Generally these 
lesions are of lower degree than those of the unde- 
scended testis, but they may be similar and in 
some cases even more severe. In unilateral crypt- 
orchidism 71 % of scrotal testes have a small 
number of germ cells and 75 % have impaired 
transformation of gonocytes in Ad spermatogonia 
[27]. The most frequent lesions in patients with 
bilateral cryptorchidism are types II and III. 

Fifty percent of acquired undescended testes 
develop lesions similar to those of congenital 
cryptorchidism, and the same occurs with 
retractile testicles [41, 42]. This has led to con- 
sider that congenital cryptorchidism, retractile 
testicles, and acquired undescended testes are 
part of the spectrum of the same process in 
which hormonal factors play a very important 
role [43, 44]. 
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Testicular Descent Was Performed 


in Childhood 
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Alvaro Serrano 


12.1 Most Frequent Testicular 
Lesions Observed 


in Adulthood 


The extensive use of in vitro fertilization tech- 
niques has indirectly contributed to a resurgence of 
testicular biopsy. The material obtained from 
patients with azoospermia or oligozoospermia is 
useful not for extracting sperm but also for immu- 
nohistochemical or genetic histological studies. 
The results from three series of patients studied in 
our Department of Pathology of Hospital La Paz 
are discussed in this chapter: (Group A) unde- 
scended testicles biopsied or removed in the adult; 
(Group B) patients who consulted for infertility and 
had two biopsies, one at the time of surgical descent 
in childhood and another one in adulthood during 
the study of infertility; and (group C) patients with 
undescended testes who had been treated surgically 
in childhood and now consulted for infertility. 


Group A: Undescended Testes Biopsied or 
Removed in the Adult This group consisted of 
19 testes of patients aged 16-54 years. 
Cryptorchidism was unilateral in 18 and bilateral 
in one. All were located in the inguinal canal 
except for three that were abdominal. All testes 
were smaller than normal, 12 were removed, and 
the rest had been descended. All had histological 
lesions affecting the seminiferous tubules and 
interstitium. The seminiferous epithelium lesions 
were mixed atrophy in six cases with less than 
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50 % of tubes with spermatogenesis (spermato- 
genesis was very poor in most of them) 
(Fig. 12.1), two cases with maturation arrest in 
spermatogonia (the number of spermatogonia per 
seminiferous tube was very small) (Fig. 12.2), 
five cases with Sertoli cell- only (Fig. 12.3), and 
six cases with variable degrees of tubular hyalin- 
ization until the total disappearance of the semi- 
niferous epithelium (Fig. 12.4). The lesions were 
similar to those of other series [1]. An obstructive 
pattern was recognized in four cases (Table 12.1). 


Sertoli cells in the tubules with Sertoli cell- 
only often show cytological signs of immaturity 
[2]. This immaturity manifests immunohisto- 
chemically in different ways, in the basal cyto- 
plasm for positivity for cytokeratins and vimentin 
[3, 4] and in the apical cytoplasm by the presence 
of inhibin bodies [5] and decreased or absent 
expression of the androgen receptor [6]. In the 
tubular wall, immaturity is recognized by a 
decrease in elastic fibers [7], increased collage- 
nization and irregular deposits of laminin and 
collagen IV [8, 9], and a partial loss of contractile 
marker proteins in the peritubular cells [10]. 

Sertoli cell nodules were observed in 7 out of 
the 12 removed testes and granular changes in 
Sertoli cells in three of them. Leydig cells were 
scarce in eight, they formed large clusters in the 
vicinity of the rete testis and subalbuginea areas in 
five, and the remaining cases showed cytoplasmic 
microvacuolization [11]. The rete testis of 7 out of 
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Fig. 12.1 Mixed atrophy. 
Tubules with complete 
spermatogenesis are 
adjacent to other smaller 
Sertoli cell-only tubules 
devoid of the lumen with 
marked wall thickening 


Fig. 12.2 Seminiferous 
tubules showing 
maturation arrest in 
spermatogonia. The 
seminiferous tubules only 
have spermatogonia, most 
of them type A dark, and 
Sertoli cells. The 
interstitium shows mild 
Leydig cell hyperplasia 


the 12 specimens of orchiectomy was hyperplasic 
(rete testis dysgenesis) [12]. 


Group B: Patients with Pre- and Postpubertal 
Bilateral Biopsies This group consisted of 25 
patients. The size of the undescended testes was 
normal in 5 and decreased in 20. The results of 
biopsies of ex-cryptorchidic adult testis were as 
follows: 21 showed mixed atrophy (tubules with 
spermatogenesis were less than 50 % in 20 cases). 
Two had late spermatocyte sloughing (Fig. 12.5), 
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one had early first-order spermatocyte sloughing 
(Fig. 12.6), and one had Sertoli cell-only. Eleven 
testes (six patients with corrected bilateral crypt- 
orchidism) had Leydig cell hyperplasia. 


Of the 16 contralateral testes studied, 13 were 
of normal size, two were smaller than normal, and 
one was larger than normal due to a germ cell 
tumor. Histologically, seven cases had mixed atro- 
phy with complete spermatogenesis in over 50 % 
of the seminiferous tubule biopsy, four cases had 


12.1 


Fig. 12.3 Seminiferous 
tubules with Sertoli 
cell-only. Seminiferous 
tubules lack lumen, have 
thickening of the tubular 
wall, and are lined by 
Sertoli cells preferably 
with oval nuclei and 
central nucleolus 


Fig. 12.4 Diffuse tubular 
hyalinization. Most 
seminiferous tubules have 
concentric hyalinization. 
Some Sertoli cells still 
persist inside seminiferous 
tubules 


late spermatocyte sloughing, one had early first- 
order spermatocyte sloughing, three cases had 
hypospermatogenesis associated with first-order 
spermatocyte sloughing (Fig. 12.7), and one case 
had Sertoli cell-only. Leydig cell hyperplasia was 
observed in two biopsies (the data are taken from 
previously published work: [13]). 


Group C: Patients with Undescended Testes 
Who Had Been Treated Surgically in 
Childhood and Now Consulted for 
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Infertility Eighteen biopsies were studied. In 
all cases only the primitively scrotal testes 
were biopsied due to their larger size. Three 
patients had consulted for azoospermia and 15 
for severe oligozoospermia. In five cases the 
serum levels of FSH and LH were elevated. 
Serum testosterone levels were within normal 


limits. The size of the testicle that was 
descended was decreased in 13 cases, and in 
five cases, the decreased size also affected the 
contralateral testis, even though to a lesser 
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Table 12.1 Seminiferous tubule lesions in patients with undescended testes 


Seminiferous tubule 
lesions 


Group A 19 testes 


Group B 41 testes 


Group C 18 testes 


Undescended testes 
biopsied or removed 
in the adult 


Patients with pre- and postpubertal 
bilateral biopsies 


Ex-cryptorchidic 
testis 25 testes 


Contralateral testes 
16 testes 


Contralateral to the testis 
descended in childhood 


Mixed atrophy 


6 
All have <50 % 
tubules with 


21 


20 have <50 % 
tubules with 


7 
All have complete 
spermatogenesis in 


9 
All have complete 
spermatogenesis in 


spermatogenesis spermatogenesis >50 % tubules >50 % tubules 
Late sloughing of 2 4 7 
spermatocyte I 
Early sloughing of 1 1 1 
spermatocyte I 
Hypospermatogenesis 3 
+ spermatocyte I 
sloughing 
Maturation arrest in 2 
spermatogonia 
Sertoli only-cell 5 1 1 1 
Diffuse tubular 6 
hyalinization 
Obstructive pattern | 4 9 6 5 


Fig. 12.5 Late first-order 
spermatocyte. 
Seminiferous tubules with 
dilated lumen. Germ cells 
are represented by a 
normal number of 
spermatogonia and 
spermatocytes of the first 
order. The number of 
spermatids is very low 


sloughing in seven cases, one case of early 
first-order spermatocyte sloughing, and one 
case of Sertoli cell-only. 


extent. Histological lesions were mixed atrophy 
in nine cases with spermatogenesis in more 
than 50 % of the tubules, late spermatocyte 
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Fig. 12.6 Early first-order 
spermatocyte sloughing. 
Tubular sections with 
numerous spermatogonia, 
small number of first-order 
spermatocytes, and 
isolated spermatids are 
observed. The interstitium 
shows nodular Leydig cell 
hyperplasia 


Fig. 12.7 Seminiferous 
tubes with 
hypospermatogenesis. The 
seminiferous tubules are 
small. All types of germ 
cells are present in 
proportionally decreased 
number. The interstitium 
showed diffuse Leydig cell 
hyperplasia 


12.2 Correlation Between Pre- 
and Postpubertal Biopsies 


In patients of group B, the lesions found in prepu- 
bertal biopsy were compared with the biopsy per- 
formed in adulthood. The lesions of the first 
biopsy (biopsy at the time of orchiopexy) of 25 
patients with undescended testes were classified 


according to previous studies [13-15] already 
discussed in Chap. 11, in normal or type I (testes 
with slight alterations), 3 cases; type II (testes 
with marked germinal cell hypoplasia), 4 cases; 
and type III (testes with severe germinal cell 
hypoplasia), 18 testes. As for the contralateral 
testes (15 testes), 11 had minimal alterations or 
type I lesions, 2 had type II lesions, 2 had type III 
lesions, and 1 testis was not found. 
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Patients with type I lesions or minimal alter- 
ations developed diffuse spermatogenesis in 
more than two thirds of cases and a pattern of 
mixed atrophy in the remaining cases, but com- 
plete spermatogenesis was quantitatively 
abnormal. All patients with type II lesions and 
85 % of patients with type III lesions develop 
mixed atrophy, which makes the mixed atrophy 
the most common lesion in adult’s testes that 
were descended in childhood (68 %). These 
data confirm that the number of germ cells 
[16],and the presence of Ad spermatogonia 
type [17, 18] are the two most important data 
for the prognostic assessment of testicular 
biopsy. 

While mixed atrophy is defined as the pres- 
ence of tubules with Sertoli cell-only side by 
side with spermatogenesis, several details of 
this lesion should be specified; some are related 
to tubules with Sertoli cell-only and others with 
tubules with spermatogenesis. With respect to 
the tubules with Sertoli cell-only, it is necessary 
to evaluate (a) the number of tubules with 
Sertoli cell-only in relation to the tubules with 
spermatogenesis. In cryptorchidic testes the 
number of seminiferous tubules with Sertoli 
cell-only is greater than 50 %, while in the con- 
tralateral scrotal, it is less than 50 %; (b) Sertoli 


Fig. 12.8 Seminiferous 
tubules showing marked 
lumen dilatation and 
atrophy of the 
seminiferous epithelium 
characteristic of 
obstructive patterns 
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cell type. In the tubules with Sertoli cell-only in 
cryptorchidic testes, Sertoli cells are preferably 
dysgenetic, while they are the adult type in 
descended testes. With respect to the tubules 
with spermatogenesis, the most common 
lesions are located in the adluminal compart- 
ment (late first-order spermatocyte sloughing 
and early first-order spermatocyte sloughing). 
Hypospermatogenesis cases are rare and 
arrested maturation of spermatocytes or sper- 
matogonia was not observed. 


12.3 Associated Secondary 
Testicular Lesions in Adult 
Testes 


12.3.1 Obstruction 


Three parameters were applied to assess the pos- 
sibility of an obstruction. One was a histological 
parameter (set of tubular lesions secondary to 
increased hydrostatic pressure that form a pattern 
[see Chap. 17, Lesions of the Obstructive 


Mechanism Simulating Primary Testicular 
Lesions]) (Fig. 12.8). Another parameter was 
quantitative: the number of adult spermatids 
higher than the number of young spermatids in 
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the cross tubular section of the seminiferous 
tubules [19]. In the B and C groups, a third param- 
eter applied was the correlation between the num- 
ber of adult spermatids per tubular section in the 
biopsy and the number of sperm in the semen per 
ml [20]. Signs of partial or total obstruction in the 
spermatic pathway were observed in four testes in 
group A, in nine ex-cryptorchidic and six contra- 
lateral testes of group B, and in five contralateral 
testes of group C. These findings were surprising 
but they could be expected if we consider the fre- 
quent anomalies described in the epididymis [21, 
22]. In group B, deferential absence of the ipsilat- 
eral testicle to the surgically descended one was 
expressly confirmed in the clinical history in one 
case and herniorrhaphy in another case. 
Concerning the epididymis two cases had epidid- 
ymis-testicular dissociation and ten cases an 
elongated epididymis. 


12.3.2 Varicocele 


In a total of 21 patients studied for infertility with 
a clinical history of surgically descended cryptor- 
chidism in childhood (group B), varicocele was 
observed in three patients, ipsilateral with a sur- 
gically descended testis in childhood in one case. 
Varicocele was also observed in three patients of 
group C, one in the ex-cryptorchidic testicle and 
two in the contralateral one. 


12.4 Summary of the Nature 
of Testicular Lesions 


The following facts are noteworthy: 


1. Elevated temperature exerts a less important 
effect on the testicle than has conventionally 
been claimed in the literature. Lesions in scro- 
tal contralateral testes are very similar to those 
of the ex-cryptorchidic testes. 

2. The most common lesion in both undescended 
and contralateral scrotal testes is mixed atro- 
phy. They differ in the percentage of tubules 
with Sertoli cell-only and the severity of 
lesions of the tubules with germ cells. 


6. Lesions 
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3. The patchy distribution of the groups of semi- 
niferous tubules with Sertoli cell-only observed, 
both in children testes (testicles with type II 
and type HI lesions) and in second biopsies of 
these same patients in adulthood, suggests on 
the one hand that tubules with Sertoli cell-only 
belong to the same lobule and on the other hand 
that they never possessed these germ cells or 
they disappeared during fetal life. 


4. The presence and number of Ad spermatogo- 


nia type is much higher in children’s testes 
with type I lesions than in those showing type 
II and III lesions, which is related to a more 
careful observation of spermatogenesis of 
these patients in the second biopsy. 


5. In a significant number of adult testes, both 


ex-cryptorchidic and contralateral, there are 
obstructive lesions associated with either 
organic or functional nature. These lesions are 
focal and multiple; they affect the seminifer- 
ous tubules with spermatogenesis and may be 
secondary to dysgenesis of the rete testis and 
epididymis or deferential anomalies. 

in the undescended testes, both 
caused by hypogonadism and secondary to 
temperature or obstruction of the spermatic 
ducts, are progressive and lead not only to the 
loss of all germ cells but also to the disappear- 
ance of Sertoli cells thus causing a diffuse 
tubular hyalinization 


7. A significant percentage of cryptorchidic 


patients with azoospermia show groups of 
seminiferous tubules with spermatogenesis 
that, although quantitatively abnormal, may 
be sufficient to provide sperm for assisted 
reproduction techniques. 

8. Although the beneficial effects of hormonal 
treatments on semen at the time of surgical 
descent are known, larger studies are needed 
that allow (a) to know the diminution of infer- 
tility consults of ex-cryptorchidic patients; (b) 
to compare in infertile patients who have been 
given supplemental hormonal treatment at the 
time of surgical descent, the biopsies prac- 
ticed in childhood, and those made when con- 
sulting for infertility; and (c) to identify 
lesions secondary to obstruction that aggra- 
vate and blur preexisting lesions. 


100 


References 


10. 


. Jeong SC, Lee S, Ku JY, Lee SD. Clinical characteris- 


tics and treatment of cryptorchidism in adults: a single 
center experience. World J Mens Health. 
2014;32:110-5. 


. Nistal M, Paniagua R, Abaurrea MA, Santamaria 


L. Hyperplasia and the immature appearance of 
Sertoli cells in primary testicular disorders. Hum 
Pathol. 1982;13:3-12. 


. Rogatsch H, Jezek D, Hittmair A, Mikuz G, 


Feichtinger H. Expression of vimentin, cytokeratin, 
and desmin in Sertoli cells of human fetal, cryptor- 
chid, and tumour-adjacent testicular tissue. Virchows 
Arch. 1996;427:497—-502. 


. Kruse R, Eigelshoven S, Kaiser A, Ruzicka T, 


Neumann NJ. Cytokeratin 18 expression in immature 
Sertoli cells: co-localization with interstitial lympho- 
cytic infiltrates. Folia Histochem Cytobiol. 2009;47: 
127-30. 


. Nistal M, Pastrién LG, Gonzdlez-Peramato P, De 


Miguel MP. Inhibin bodies: a new marker for imma- 
ture Sertoli cells. Histopathology. 2011;58:1019-27. 


. Regadera J, Martinez-Garcia F, Gonzdlez-Peramato P, 


Serrano A, Nistal M, Sudrez-Quian C. Androgen 
receptor expression in sertoli cells as a function of 
seminiferous tubule maturation in the human cryptor- 
chid testis. J Clin Endocrinol Metab. 2001;86:413-21. 


. Gotoh M, Miyake K, Mitsuya H. Elastic fibers in 


tunica propria of undescended and contralateral scro- 
tal testes from cryptorchid patients. Urology. 
1987;30:359-63. 


. Santamaria L, Martinez-Onsurbe P, Paniagua R, 


Nistal M. Laminin, type IV collagen, and fibronectin 
in normal and cryptorchid human testes. An immuno- 
histochemical study. Int J Androl. 1990;13:135-46. 


. Paniagua R, Martinez-Onsurbe P, Santamaria L, Saez 


FJ, Amat P, Nistal M. Quantitative and ultrastructural 
alterations in the lamina propria and Sertoli cells in 
human cryptorchid testes. Int J Androl. 1990;13: 
470-87. 

Welter H, Kampfer C, Lauf S, Feil R, Schwarzer JU, 
K6hn FM, Mayerhofer A. Partial loss of contractile 
marker proteins in human testicular peritubular cells 
in infertility patients. Andrology. 2013;1:318-24. 


11. 


12. 


13. 


14. 


15. 


16. 


17 


18. 


19. 


20. 


21. 


22. 


12 The Most Frequent Histological Findings 


Nistal M, Paniagua R, Abaurrea MA. Multi- 
vacuolated Leydig cells in human adult cryptorchid 
testes. Andrologia. 1981;13:436-9. 

Nistal M, Jimenez-Hefferman JA. Rete testis dysgen- 
esis: a characteristic lesion of undescended testes. 
Arch Pathol Lab Med. 1997;121:1259—64. 

Nistal M, Riestra ML, Paniagua R. Correlation 
between testicular biopsies (prepubertal and postpu- 
bertal) and spermiogram in cryptorchid men. Hum 
Pathol. 2000;31:1022-30. 

Nistal M, Paniagua R, Díez-Pardo JA. Histologic clas- 
sification of undescended testes. Hum Pathol. 
1980;11:666-74. 

Nistal M, Paniagua R, Riestra ML, Reyes-Múgica M, 
Cajaiba MM. Bilateral prepubertal testicular biopsies 
predict significance of cryptorchidism-associated 
mixed testicular atrophy, and allow assessment of fer- 
tility. Am J Surg Pathol. 2007;1:1269-76. 

Cortes D, Thorup JM, Lindenberg S. Fertility poten- 
tial after unilateral orchiopexy: simultaneous testicu- 
lar biopsy and orchiopexy in a cohort of 87 patients. 
J Urol. 1996;155:1061-5. 


. Hadziselimovic F, Hoecht B. Testicular histology 


related to fertility outcome and postpubertal hormone 
status in cryptorchidism. Klin Padiatr. 2008;220:302-7. 
Thorup J, Kvist K, Clasen-Linde E, Petersen BL, 
Cortes D. The relation between adult dark spermato- 
gonia and other parameters of fertility potential in 
cryptorchid testes. J Urol. 2013;190(4 Suppl): 
1566-71. 

Nistal M, Riestra ML, Galmés-Belmonte I, Paniagua 
R. Testicular biopsy in patients with obstructive azo- 
ospermia. Am J Surg Pathol. 1999;3:1546-54. 

Nistal M, Codesal J, Santamaria L, Paniagua 
R. Correlation between spermatozoon numbers in 
spermiogram and seminiferous epithelium histology 
in testicular biopsies from subfertile men. Fertil Steril. 
1987;48:507-9. 

DePalma L, Carter D, Weiss RM. Epididymal and vas 
deferens immaturity in cryptorchidism. J Urol. 
1988;140:1194-6. 

Mollaeian M, Mehrabi V, Elahi B. Significance of epi- 
didymal and ductal anomalies associated with unde- 
scended testis: study in 652 cases. Urology. 1994;43: 
857-60. 


Manuel Nistal, Pilar Gonzalez-Peramato, and 
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13.1 Concept of Testicular 


Dysgenesis Syndrome 


The term “testicular dysgenesis syndrome” was 
forged in 1992 following a study carried out by 
Danish researchers who communicated a 50 % 
decrease in the sperm count during the period 
1938-1992 [1, 2]. The term was introduced to try 
to explain under only one umbrella the different 
disorders of the male reproductive apparatus that 
had the distinction of having experienced — 
although this was not accepted by all authors 
[3] — a rise in recent decades and had two pecu- 
liarities: that the increase of one of them was a 
risk factor for the other and also suspicion that 
they are secondary to human exposure to hor- 
monally active chemicals. The TDS includes 
cryptorchidism, testicular cancer, hypospadias, 
and infertility [4]. 


13.1.1 Testicular Germ Cell Tumors 


The increase in testicular germ cell tumors 
(TGCT) began to be observed in countries with 
Northern European ancestry, including Denmark, 
Norway, and New Zealand. Large increases were 
also observed between descendants of Europeans 
in the USA and more recently in countries tradi- 
tionally with low rates of TGCT as Italy, Spain, 
and Finland. Overall it is estimated that the inci- 
dence of TGCT is 2-3 times higher than 
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30-40 years ago [5] with the exception of 
African-Americans, among whom it remains 
very low. Less than 25 % of cases are considered 
secondary to genetic factors, although 19 genetic 
polymorphisms associated with TGCT have been 
identified. The remaining TGCTs seem to be 
more related to environmental factors acting dur- 
ing the fetal life [6]. 

Patients with germ cell neoplasia in situ 
(GCNIS) and testicular cancer often have 
impaired spermatogenesis in the contralateral tes- 
ticle. They also often have elevated levels of FSH 
and LH and low serum testosterone rates [7]. 
Most TGCTs originate in a cell originally called 
carcinoma in situ (CIS). These cells are derived 
from gonocytes that are unable to differentiate 
into spermatogonia in the uterus. This failure in 
differentiation probably depends on inappropriate 
age signaling from Sertoli (mainly growth factor 
GDNF and platelet-derived growth factor (PDGF) 
and Leydig cells, secondary to androgen/estrogen 
imbalance during fetal life [8]. 


13.1.2 Cryptorchidism 


The assessment of the incidence of cryptorchi- 
dism among different countries is subjected to 
variations in approach, diagnosis, and registra- 
tion. Congenital cryptorchidism affects 2-9 % of 
all newborn boys and 1-3 % of boys at 3 months 
of age, decreasing further to 0.7—-1 % at the age 
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of 1. The incidence of acquired cryptorchidism is 
estimated between 1.5 and 2 % and justifies the 
higher prevalence of cryptorchidism between 5 
and 11 years of age compared to its prevalence at 
birth. The incidence of undescended testes has 
increased in several countries such as Denmark 
from 1.8 % in 1959-1961 to 8.5 % in 1997-2001 
[9]; in the UK a significant overall increase in the 
incidence of cryptorchidism at the age of three in 
children over 2500 g at birth has been observed, 
from 0.9 % in the 1950s to 1.6 % in the late 1980s 
and 4.0-5.4 % when including all newborn babies 
[10]. The risk of developing cancer for an unde- 
scended testicle is 5-10 times higher than in the 
general population [11]. The risk of testicular 
cancer is also increased in the contralateral testis 
[12]. 


13.1.3  Hypospadias 


An increased incidence of hypospadias was 
noticed in many countries. In 1997, the Centers 
for Disease Control and Prevention (CDC) in the 
USA reported an increase from 20.2 per 10,000 
live births in 1970 to 39.7 per 10,000 live births 
in 1993 (p < 10%) [13]. Denmark, Sweden, 
England and Wales, Hungary, Italy, and France 
also reported an increase in the rates of hypospa- 
dias during the 1960s, 1970s, and 1980s accord- 
ing to the International Clearinghouse for Birth 
Defects Monitoring Systems [14]. Recent studies 
also show a significant increase in Australia and 
New Zealand. 

The etiology of hypospadias is multifactorial 
in which genetic factors and environment are 
somehow involved. Increasing rates of hypospa- 
dias have been linked to the increase in other 
pathologies of the male reproductive tract such as 
testicular cancer [15], cryptorchidism, and 
decreased sperm and sperm quality [16]. The 
association of hypospadias and cryptorchidism is 
reported in 4—20 % of cases [17]. A congenital 
deficiency of the Leydig cells would determine a 
decrease in testosterone production and INSL3, 
and in consequence both the masculinization of 
the external genitalia and testicular descent 
would be affected [18]. 
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13.1.4 Infertility 


The prevalence of infertility is estimated to affect 
16 % of couples. The male is responsible for 
20-30 % of infertility cases and contributes to 
50 % of cases overall. There are significant geo- 
graphic differences in sperm parameters between 
and within countries. A meta-analysis of 63 stud- 
ies, mainly from the USA and from Western 
Europe, showed a reduction of nearly 50 % in 
mean sperm concentration, during the period 
1940-1990 [1]. The conclusion was that there 
was a significant time-related negative trend in 
sperm concentration both in North America 
(0.8 % per year) and in Western Europe (2.4 % 
per year) during this period. 

A significant decrease in sperm concentration 
and morphology has recently been observed in 
other countries (Finland, Israel, Spain, Tunisia, 
Scotland) and in sperm donors in France [19]. 
Fertility is decreased in patients with cryptorchi- 
dism and in those patients that will subsequently 
develop testicular cancer. 

Fifty percent of masculine infertility cases can- 
not be explained by chromosomal abnormalities 
or acquired diseases such as orchitis, mumps, tes- 
ticular torsion, varicocele, trauma, drugs, or irra- 
diation. The cause of reduced spermatogenesis 
could be the exposure to environmental chemicals 
during fetal life and lifestyle factors throughout 
life [20]. The severity of male infertility seems to 
be directly related to the rate of hypospadias and 
undescended testicles during childhood [21]. The 
incidence of GCNIS in infertile men has been 
estimated between 1.1 and 4 %, so infertile men 
are at risk of developing testicular cancer [4]. 


13.2 Etiology of TDS 


Endocrine disruptors are emerging as possible 
etiologic agents. They are exogenous chemical 
substances that once introduced in our organism 
modify the function of the endocrine system. 
Chemical components are not rapidly biodegrad- 
able but are bioaccumulative. The human embryo 
and fetus are exposed to endocrine disruptors 
through the placenta from conception to birth. 


13.3 Histological Findings in TDS 


Lesions in the fetus and embryo are related, on 
the one hand with maternal exposure time and 
concentration and on the other hand with the time 
of development of the fetus. 

Pesticides, concentrated food products contain- 
ing natural plants estrogens, and by-products and 
final products of modern technology are outstand- 
ing among chemical disruptors. Endocrine disrup- 
tors may have either estrogenic or androgenic 
activity, or even both activities. Among those with 
estrogenic activity, the actions of bisphenol A and 
diethystilbestrol are well known [22]. The use of 
the estrogenic compound DES from the 1940s to 
1971 produced in exposed boys an increased risk 
of cryptorchidism and epididymal cysts. 

The most widely studied chemical components 
with both antiestrogenic and antiandrogenic action 
are phthalates. Phthalates are used as plasticizers in 
soft polyvinyl chloride (PVC). It is estimated that 
one trillion pounds of phthalates are produced every 
year. They are virtually ubiquitous. The routes by 
which man can contact them are manifold. They are 
in the air, dust, food and beverages, cleaning prod- 
ucts, packages, toys, cosmetics, and construction 
materials, among others. Experimentally, phthalates 
produced lesions initially in Sertoli cells and Leydig 
cells through their metabolites, which have an anti- 
androgenic action. 

Estrogens inhibit the proliferation of Sertoli 
cells, cause gonocyte multinucleation, and block 
gonocyte emigration from the central part of the 
seminiferous tubule to its basal part, thus prevent- 
ing their transformation into spermatogonia. The 
consequence of the persistence of gonocytes is 
their eventual transformation into GCNIS and a 
low number of Ad spermatogonia, and in the long 
term, they cause a defect in spermatogenesis. 
Other functions, dependent largely on Sertoli cells, 
which are affected, are to maintain the phenotype 
of myoid peritubular cells and the Leydig cell pop- 
ulation [23]. Exposure to phthalates was reported 
to be associated with deterioration of classical 
sperm parameters and sperm DNA integrity [24]. 

Aggregation of fetal Leydig cells not associ- 
ated with increased Leydig cell number or vol- 
ume [25], reduction of INSL3 [26], decreased 
production of testosterone, as well as gene 
expressions for androgen biosynthesis have been 
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described in experimental models [27, 28]. A 
subtle reduction in the production of testosterone 
can cause not only alterations in fetal life but also 
in adult life. Fetal reduction in androgen produc- 
tion leads to reduced Leydig cell stem numbers 
after birth and concomitant failure of Leydig 
cells in the adult [29]. 

Other frequently used endocrine disruptors are 
pain relievers such as acetaminophen, which has 
been associated with congenital cryptorchidism in 
boys. These drugs inhibit testosterone synthesis. 
Due to its antiandrogenic effect, tobacco brings 
about a 30 % reduction of sperm number and a 
reduction of the seminal volume between 10 and 
30 % [30]. In humans, exposure to estrogens and 
antiandrogens in the treatment of patients under- 
going change gender causes dedifferentiation of 
Sertoli cells, disappearance of spermatogenesis, 
and atrophy of Leydig cells in the testis, lesions 
that have a strong resemblance with those 
observed in undescended testes [31]. 


13.3 Histological Findings in TDS 


The lesions most frequently observed in testicu- 
lar biopsies of patients with cryptorchidism, 
infertility, and parenchyma peripheral to the 
germ cell tumors and patients with hypospadias 
are mixed atrophy, hypoplastic tubules, Sertoli 
cell nodules, granular changes in Sertoli cells, 
tubules with germ cell hypoplasia, microlithiasis, 
focal Leydig cell hyperplasia, and GCNIS. 


Mixed Atrophy (Focal Sertoli Cell-Only 
Tubules) 

Mixed atrophy is defined by the presence of sem- 
iniferous tubules with Sertoli cell-only side by 
side with other tubules with spermatogenesis 
(Fig. 13.1). The number of tubules with Sertoli 
cell-only can vary from isolated tubules to consti- 
tute the majority of the biopsy. The degree of 
dysgenesis is related to the number of Sertoli 
cell-only tubules. The morphology of the nuclei 
of Sertoli cells of the tubules with Sertoli cell-only 
can be of three types: dysgenetic Sertoli cells 
(cells with central spherical or elongated nuclei), 
adult Sertoli cells (triangular nuclei with large 
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Fig. 13.1 Mixed atrophy. 
Among the seminiferous 
tubules with complete 
spermatogenesis, there are 
half a dozen tubes with 
Sertoli cell-only. Diffuse 
Leydig cell hyperplasia is 
also shown 


central nucleoli), and involutive Sertoli cells (lob- 
ulated nuclei and central nucleoli). Tubules with 
dysgenetic Sertoli cell-only typically have a large 
number of cells by cross section and lack of 
lumen. The tubular wall has reduced elastic 
fibers. Most times tubules with spermatogenesis 
also show alterations either in the adluminal or 
the basal compartment. 


Hypoplastic Tubules 

They are seminiferous tubules with Sertoli cell- 
only that preferably appear isolated from others 
with germline. They have a very small diameter 
and a thickened wall. Sertoli cells are of imma- 
ture characteristics, and the nuclei are small, 
spherical, hyperchromatic, and located at differ- 
ent heights, which gives the epithelium a pseu- 
dostratified appearance. In the apical cytoplasm, 
inhibin bodies stand out. Many cells lack andro- 
gen receptors. Sometimes the tubules have 
GCNIS and germ microliths. 


Sertoli Cell Nodules (Hypoplastic Zones) 

They are clusters of immature seminiferous tubules, 
small, well defined but not encapsulated (Fig. 
13.2). The size varies from microscopic to several 
millimeters. The tubules have a variable wall thick- 
ening due to the accumulation of laminin and col- 
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lagen IV. These thickenings cause protrusions into 
the tubule. Sertoli cells are similar to those of hypo- 
plastic tubules. The microliths are frequent. 
Hypoplastic tubules located in the peripheral 
parenchyma may contain GCNIS cells (Fig. 13.3). 


Granular Changes in Sertoli Cells 

Sertoli cells, in tubules devoid of germ cells, 
show an enlarged cytoplasm filled with numer- 
ous eosinophilic granulations (Fig. 13.4). 
Granulations correspond to lysosomes (positive 
for CD68 and alpha-1 antitrypsin). These changes 
can affect isolated Sertoli cells, but more fre- 
quently they affect all the cells of several semi- 
niferous tubules. The proximity of the affected 
tubules suggests that all of them belong to the 
same lobule. Sertoli cells with granular changes 
are observed in decreasing order of frequency in 
cryptorchidism, CAIS patients, and infertile 
patients with Sertoli cell-only and in the periph- 
eral parenchyma of germ cell tumors [32, 33]. 


Germ Cell Hypoplasia 

This term refers to the presence of abnormal 
spermatogenesis in adult seminiferous tubules 
(Fig. 13.5). The lesions may be diffuse or focal. 
They are usually associated with an increase in 
the number of Sertoli cells by tubular section and 
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Fig. 13.2 Sertoli cell 
nodule that consists of 
small adjacent 
seminiferous tubules 
lacking of lumen. The 
lesion is well demarcated 
from the rest of the 
testicular parenchyma 


Fig. 13.3 Seminiferous 
tubules of a Sertoli cell 
nodule with microlithiasis 
and GCNIS. Tumor cells 
are located both on the 
basement membrane and 
among Sertoli cells 


Wie 
ES ipa Se $i ! 


a certain degree of immaturity in them (few 
nuclei with triangular morphology, the absence 
of folds in the karyotheca, and persistence of het- 
erochromatin granulations). 


Microlithiasis 

The presence of microlithiasis is estimated at 2.4— 
5.6 % of the general population, and the figure 
rises to 20 % of subfertile patients. It is observed 
in 9.52 % of ex-cryptorchidic testis and half of 


patients with testicular germ cell tumors. The 
microliths develop in the tubular wall and proba- 
bly represent a local anomaly in the cells in the 
involved basal membrane (Sertoli cells) and tubu- 
lar wall (myoid cells) formation. Most microliths 
are removed from the seminiferous tubules. 


Focal Leydig Cell Hyperplasia 
In testicular biopsies from infertile patients, 
where the impairment of spermatogenesis is 
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Fig. 13.4 Granular 
changes in Sertoli cells in 
prepubertal testis. In the 
central tubule, a few 
Sertoli cells with large full 
eosinophilic cytoplasms 
granulations are observed 


Ses, 


Fig. 13.5 
Hypospermatogenesis. The 
provision of germ cells is 
variable from one tubule 

to another, but overall 
quantitative studies show 
that there is a proportional 
reduction in all germ cell 
types 


important, Leydig cells, without being increased 
in number, are grouped giving the appearance of 
Leydig cell hyperplasia (Fig. 13.6). Patients 
often have decreased testosterone/LH ratio [34] 
and testosterone/estradiol ratio [35]. In adult- 
hood this is probably the consequence of a defect 
in the number of Leydig stem cell during fetal 
life, a defect that could be mediated by Sertoli 
cells [36]. 
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GCNIS 

Tubules with GCNIS, also known as carcinoma 
in situ (CIS), are characterized by their smaller 
size and the relative uniformity of their cells in 
contrast to the pleomorphism of tubules with 
spermatogenesis. GCNIS cells are large, with 
spherical nucleus with abundant granulations of 
heterochromatin, one or two nucleoli, and abun- 
dant pale cytoplasm. They are arranged over the 
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Fig. 13.6 Nodular Leydig 
cell hyperplasia in a testis 
with small seminiferous 
tubules and Sertoli 
cell-only 


Fig. 13.7 GCNIS ina 
testicular biopsy of an 
ex-cryptorchidic infertile 
patient. Neoplasia affects 
only the three central 
tubules. The remaining 
Sertoli cell-only tubules 
show dysgenetic Sertoli 
cells 


basement membrane moving Sertoli cells into the 
lumen (Fig. 13.7). They are positive for the fol- 
lowing antibodies: PLAP, c-kit, D2-40, and 
OCT3/4 (Fig. 13.8). The nuclei of Sertoli cells 
become smaller and arranged as a spherical 
crown on a floor above the tumor cells. 


The incidence of these lesions in the paren- 
chyma peripheral to germ cell tumors is mixed 


atrophy 55 %, Sertoli cell nodules 25 %, microli- 
thiasis 47 %, and GCNIS either focal (51 %) or 
diffuse (38 %) [37]. In the contralateral testis to 
the one bearer of a germ cell tumor, the incidence 
of these lesions is mixed atrophy 13.8 %, hypo- 
plastic tubules and Sertoli cell nodules 4.6 %, 
microlithiasis 6 %, and GCNIS 8.7 %. The cumu- 
lative incidence of at least one sign of dysgenesis 
is 25.2 % [38]. 
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Fig. 13.8 Infertile patient 

with oligozoospermia. . 
Next to a lobule with R e* 
spermatogenesis, there are ¢ : 
others with 

GCNIS. Immunostaining 

for OCT3/4 
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14.1 Asymmetric Testicular Size: 


Compensating Hypertrophy 


Testicular hypertrophy is a physiological response 
to the absence of functional sufficiency of the 
contralateral testicle. Compensatory testicular 
hypertrophy was first reported by Laron and Zilka 
in 1969 [1] in unilateral cryptorchidic patients. 
The disorder is defined during childhood by an 
increased volume of the descended testis, higher 
than 2 ml [2] and a testicular volume higher than 
25 ml in adulthood. The compensatory hypertro- 
phy occurs by pituitary FSH stimulation. 
Experimentally, when FSH is added to a culture 
of Sertoli cells, their proliferative activity 
increases. When hemicastration of immature rats 
is done, there is an increased mitotic activity in 
the contralateral testicle. A fall in the production 
of inhibin by the Sertoli cells occurs after castra- 
tion. Pituitary feedback to a negative lower pro- 
duction increases FSH that stimulates the division 
of Sertoli cells [3]. The conditions for a compen- 
satory hyperplasia to occur are the following [4]: 


— That the descended testicle is normal 

— Absence of contralateral testis or testicular 
atrophy greater than 50 % 

— Age between birth and 3 years [5] 


A compensatory hypertrophy is observed in 


monorchisms and in descended testis of patients 
with cryptorchidism. The hypertrophy is larger in 
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the first. The degree of hypertrophy maintains 
along infancy and puberty and ceases when 
puberty is completed. The size of the compen- 
sated testis at adulthood is normal or slightly 
increased [6]. The future of testicular function in 
patients with compensatory hypertrophy is prob- 
ably not optimal since levels of inhibin B are low 
during childhood and FSH levels are high, so it is 
advisable to perform a sperm analysis at the start 
of adulthood [7]. 


14.2 Non-tumoral 
Macroorchidism 


14.2.1 Early Harmonious 
Development of the Testis: 
Gonadotropin-Dependent 
Precocious Puberty - Central 
Precocious Puberty (CPP) 


When development of the testis, which simulates 
the changes that normally occur at puberty, 
occurs at an early age, most likely the patient has 
a gonadotropin-dependent precocious puberty. 
Although the sequence in which these changes 
occur is accelerated, it can start by testicular 
enlargement. Early activation of the 
hypothalamic-pituitary-gonadal axis initiates the 
changes [8]. The proliferation of Sertoli cells fol- 
lowed by their maturation is controlled by a 
complex multitude of endocrine (FSH and TH), 
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Fig. 14.1 Precocious 
puberty. Six-year-old boy 
who presented with rapid 
enlargement of both 
testicles secondary to a 
pineal gland tumor. The 
seminiferous tubules show 
increased size and 
cellularity affecting both 
germ cells and Sertoli cells 


paracrine (androgen-transforming grow factor), 
beta family (TGF-beta and glial-derived neuro- 
trophic factor), and autocrine factor (endotoxins 
and post-inflammatory cytokines) [9]. Maturation 
of Sertoli cells is revealed by significant nuclear 
and cytoplasmic changes, the blood-testis barrier 
formation, and the appearance of tubular light 
and the start of spermatogenesis (Fig. 14.1). The 
rapid testicular enlargement continues with the 
development of axillary and pubic hair, increase 
of the penis size, and acceleration of body growth 
and bone maturation. The most common age of 
onset is between 4 and 8 years. In 50 % of men 
with symptoms of precocious puberty, testicular 
hypertrophy is secondary to the excessive pro- 
duction of FSH and LH. 

The causes of CPP, thanks to the widespread use 
of CT scan and magnetic resonance techniques 
[10], are known in 60 % of cases, and 2/30f them 
are caused by lesions of the central nervous system. 
The remaining 40 % are considered idiopathic. 

Injuries of the central nervous system prefer- 
entially affect the posterior hypothalamus (medial 
eminence and tuber cinereum), mammillary bod- 
ies, the third ventricle bottom, or the pineal gland 
[11, 12]. The most frequent causes are the follow- 
ing: tumors (hypothalamic tumors, pineal cysts, 
hamartomas, tumors of the pineal gland), brain 
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traumas, infections, cerebral malformations, and 
hereditary diseases such as neurofibromatosis and 
tuberous sclerosis and cerebral irradiation. 

The most frequent genetic causes of familial 
CPP are MKRN3 defects [13]. 

Idiopathic central precocious puberty has 
been related to genetic factors, ethnic factors, 
pediatric obesity, family history, psychosocial 
stress, adoption [14], and DDT degradation prod- 
ucts [15]. The presentation of idiopathic preco- 
cious puberty is familial in nearly half of cases, 
and puberty starts after 7 years in most of the 
boys. The inheritance can be either autosomal 
recessive or sex linked with variable penetrance 
[16]. The treatment of choice is gonadotropin- 
releasing hormone agonists [17]. 


14.2.2 Dissociation of Tubular 
and Interstitial Development 


14.2.2.1 Sertoli Cell Hyperplasia 

An increased number of Sertoli cells are the 
common finding in macroorchidisms observed 
in the following pathologies: Fra X syndrome, 
hypothyroidism, FSH-secreting adenoma, 
Russell-Silver’s syndrome, and idiopathic 
benign macroorchidism. 


14.2 Non-tumoral Macroorchidism 


Fragile X-Chromosome Syndrome 

The fragile X-chromosome syndrome (FXS), 
also known as Martin Bell syndrome [18], is a 
genetic disease caused by an expansion of trinu- 
cleotide CGG named full mutation (more than 
200 repeats of CGG) in the FMR/ gene on the 
Xp27.3 locus. This mutation produces a hyper- 
methylation of the promoter region of the gene 
silencing and decreasing the expression levels of 
the FMRP protein linked to neuronal plasticity 
and maturation. The normal individuals have 
between 6 and 54 repeats with 29 or 30 repeats 
being the most common allele [19]. When the 
number of repeats expands to between 60 and 
200, it is referred to as permutation carriers. 
About 32.4 % of males with permutation carriers 
have macroorchidism and a significant number 
lower verbal and full scale IQ [20]. The classic 
diagnosis was made with karyotype in a special 
culture medium. Today more sensitive and spe- 
cific molecular tests are used including PCR and 
Southern blot [21]. The worldwide prevalence is 
estimated at 1 per 5000 men and one per 4000 to 
6000 women [22]. 


Clinical Features Patients show a slight to 
moderate mental retardation and autism with 
hyperkinetic behavior [23]. The physical charac- 


Fig. 14.2 Fragile 
X-chromosome syndrome. 
The seminiferous tubules 
show marked tubular 
ectasia and atrophy of the 
seminiferous epithelium 
caused by compression of 
the epithelium against the 
tubular wall by the 
intratubular fluid 
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teristics of affected patients include macroceph- 
aly (prominent forehead and ears, long face, 
prognathism), macroorchidism, and multiple 
connective tissue abnormalities (hypotonia, flat 
feet, mitral valve prolapse, soft skin, hyperexten- 
sible finger joints, and high arched palate). Males 
with full fragile X mutation also present intellec- 
tual disability, low IQ, and symptoms in common 
with autism spectrum disorder such as delays in 
speech and language development, impaired the- 
ory of mind and impaired social and emotional 
processing, irritability, hyperactivity, and atten- 
tion deficits [24]. The prevalence and severity of 
FXS in females is more attenuated because of 
X-inactivation. 


Histopathology The most important findings 
occur in those tissues with a higher expression of 
FMRP, such as the neuronal cells in the hippo- 
campus and cerebellum, and the testes [25]. 
Macroorchidism is present in more than 75 % of 
adult affected patients. The average testicular 
volume in these patients is 70 ml. Testicular 
enlargement probably begins during fetal life 
[26]. In infancy, the testes are enlarged, the scro- 
tal pouches are more developed than normal, and 
genital pigmentation appears earlier. This genital 
development is difficult to explain, because the 
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function of the hypothalamic-pituitary-gonadal 
axis is completely normal; however, some 
patients show slightly increased FSH levels, sug- 
gesting an abnormally high receptivity to this 
hormone [27]. 

Testicular biopsies in adult patients show 
severe pathological changes. There have been 
reported marked tubular ectasia and atrophy of 
the seminiferous epithelium, mixed atrophy with 


Fig. 14.3 Fragile 
X-chromosome syndrome. 
Ectasic seminiferous 
tubules are next to other 
tubules with normal 
spermatogenesis 


Fig. 14.4 Fragile 
X-chromosome syndrome. 
Sertoli cell-only tubules 
with dysgenetic Sertoli 
cells are side by side with 
other tubules showing 
marked 
hypospermatogenesis 
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or without Sertoli cell hyperplasia, Sertoli cell 
nodules, and granular changes in Sertoli cells 
(Figs. 14.2, 14.3, 14.4, and 14.5). An apparent 
low number of Leydig cells are observed in the 
interstitium, probably masked by large tubular 
development and groups of fully hyalinized sem- 
iniferous tubules. Other facts secondary to ecta- 
sia are seminiferous tubules full of spermatozoa 
and tubulitis. The rete testis is enlarged, and in 
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Fig. 14.5 Fragile 
X-chromosome syndrome. 
Seminiferous tubule with 
large number of Sertoli 
cells, normal number of 
spermatogonia, a few 
first-order spermatocytes, 
and absence of spermatids 


a => s 


its cavities both germ cells and sloughed epithe- 
lial cells are observed. The epididymis does not 
show alterations. The cause determining the 
increase in testicular size seems to be an exces- 
sive Sertoli cell proliferation which determines 
an abnormal growth in length of the seminiferous 
tubules [27]. This effect has been experimentally 
checked in FMRI knockout mice [28]. The 
repeatedly observed low spermatozoon numbers 
in spermiogram might be explained by an abnor- 
mal Sertoli cell maturation leading to deficient 
spermatogenesis. 


Macroorchidism Associated 

with Hypothyroidism 

Children with hypothyroidism frequently show 
testicular enlargement without  virilization, 
delayed bone age [29], and a macroorchidism of 
about 80 % [30]. When hypothyroidism is pri- 
mary, the macroorchidism is earlier than in sec- 
ondary hypothyroidism. The longer the 
hypothyroidism, the more severe is the degree of 
testicular changes. Most patients with primary 
hypothyroidism show elevated FSH serum levels 
and prepubertal LH serum levels [31]. Serum 
testosterone levels are within normal infantile 
values, the response to FSH and LH stimulation 
is altered, and no pulsatile LH is released [32]. 


Histopathology Testicular biopsies in infancy 
show an accelerated growth of the testis, increased 
diameter of the seminiferous tubules with a larger 
number of Sertoli cells, minimal changes in sper- 
matogenesis, and absence of Leydig cell develop- 
ment (Fig. 14.6). Testicular biopsies in adults 
with untreated juvenile hypothyroidism show 
hyalinized tubules, peritubular and interstitial 
fibrosis, and scanty Leydig cells [33, 34]. Pubertal 
and adult patients with chronic untreated hypo- 
thyroidism usually show alterations in the testic- 
ular biopsies and the spermiogram [35]. 


Pathogenesis Macroorchidism in hypothyroid- 
ism has been the object of different hypotheses 
related to the different causes of hypothyroidism: 


In primary hypothyroidism: 


(a) The decrease of T3 and T4 induces 
increased thyrotropin-releasing hormone 
(TRH) secretion, and as a consequence, the 
levels of TSH, prolactin, and gonadotro- 
pins would increase. The elevation of FSH 
found in some cases would induce the tes- 
ticular hypertrophy [36]; when the FSH is 
normal, hyperfunction of the FSH receptor 
could be called upon [37]. 
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Fig. 14.6 Three-year-old 
patient with 
hypothyroidism and 
macroorchidism. The 
seminiferous tubules have 
an increased diameter 
secondary to larger 
number of Sertoli cells. 
The number of 
spermatogonia is 
preserved. In the 
interstitium, Leydig cells 
not recognized 


(b) Direct action of TSH on the testis, mediated 
by the FSH receptors of testicular cells due to 
the similar structure of the glycoprotein hor- 
mone receptors [38]. 

(c) The decrease of thyroid hormones lengthens 
the period of proliferation of Sertoli cells 
resulting in an increase in their number and 
macroorchidism [39]. 


In secondary hypothyroidism: 


(a) Loss-of-function mutations in JGSF/ (immu- 
noglobulin superfamily member that causes 
an X-linked syndrome of central hypothy- 
roidism, /GSGI-deficiency syndrome). 
IGSF'1 is expressed in the testis and plays a 
role in testicular development and matura- 
tion from childhood to adult. In patients 
whose JGSFI is mutated, testicular volume 
starts to increase in adolescence although the 
mechanism is unknown [40, 41]. 

Other hypotheses include hyperprolac- 
tinemia and alterations of the steroid metabo- 
lism of testicular cells [42]. 


(b 


wm 


Testicular size in macroorchidism is reduced 
as soon as the substitutive treatment is adminis- 
tered [43]. 
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Macroorchidism in FSH-Secreting 

Adenoma 

Immunohistochemical studies in most (80— 
90 %) of pituitary adenomas, clinically nonfunc- 
tioning, are seen expressing intact gonadotropins 
or gonadotropin subunits. Either because the 
serum levels of intact FSH and LH or the alpha 
and beta subunits of these hormones are biologi- 
cally inert, no testicular changes are observed or 
there even is testicular atrophy. Exceptionally a 
bilateral macroorchidism develops [44]. An 
increased FSH is associated with normal serum 
levels of inhibin B, subnormal serum testoster- 
one, and LH in the low normal range. The com- 
plaint of some patients is infertility [45]. 
Histological studies suggest that macroorchi- 
dism is the consequence of an increased length 
of the seminiferous tubules by Sertoli cell hyper- 
plasia [46]. After pituitary surgery, the serum 
FSH is normalized, and the testicular volume 
decreases [47]. 


Russell-Silver Syndrome 

Russell-Silver syndrome is a clinically and 
genetically heterogeneous syndrome character- 
ized by severe intrauterine and postnatal growth 
retardation and a characteristic small, triangular 
face, with a prominent forehead and microgna- 
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thia, downturned corners of the mouth, and ear 
anomalies [48]. Other associated dysmorphic 
anomalies are fifth finger clinodactyly and limb 
and body asymmetry [49]. The original descrip- 
tion already included precocious puberty. The 
cause of precocious puberty lies in Sertoli cells 
hyperplasia that aromatizes the estrogens. High 
levels of estrone are responsible for advanced 
bone age and gynecomastia. Treatment with 
aromatase inhibitors associated with GnRH 
agonist slows bone growth and lowers the estra- 
diol levels [50]. 


Benign Idiopathic Macroorchidism 

The diagnosis of benign idiopathic macroorchi- 
dism is made by exclusion once bilateral testicu- 
lar tumor (germ cell, stromal tumors, leukemia, or 
lymphoma), adrenal rest tumors, X-linked mental 
retardation, hypothyroidism, FSH-secreting ade- 
nomas, and idiopathic or cerebral precocious 
puberty have been ruled out. Some prepubertal 
and pubertal males show a pronounced bilateral 
asymptomatic [51, 52] or unilateral [53] testicular 
hypertrophy. 

Morphometric studies have shown that the 
main histological findings are Sertoli cell hyper- 
plasia and a deficient spermatogenesis. The cause 
would be the serum FSH elevation observed in 
some cases that cause excessive Sertoli cell pro- 
liferation [27, 54]. In other cases, where levels of 
FSH are normal, overactivity of the receptor is 
suggested [55]. This disorder has been consid- 
ered the morphological expression of particular 
testicular parenchyma receptivity to hormonal 
stimulation. Unilateral presentations seem to 
be the evidence of a well-known feature: the 
pubertal development of both testes can be 
asynchronous. 

A peculiar situation of testicular enlargement 
was observed in a 14-year-old boy. The patient 
was asymptomatic and only showed bilateral tes- 
ticular enlargement. The sonogram disclosed a 
testicular parenchyma with diffuse conspicuous 
lobulations that seemed to separate testicular lob- 
ules, giving a picture similar to fetal kidney lobu- 
lations in newborn children [56]. 
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14.2.2.2 Leydig Cell Hyperplasia 


Congenital Leydig Cell Hyperplasia 
Congenital Leydig cell hyperplasia is observed 
in pathologies with a marked placental edema 
such as diabetes, triploid fetuses, Beckwith- 
Wiedemann syndrome, leprechaunism, nonim- 
mune hydrops fetalis, Rh isoimmunization, and 
several complications of pregnancy [57]. Under 
these circumstances large amounts of hCG 
enter the fetal circulation producing Leydig cell 
hyperplasia. 


Histopathology The Leydig cell proliferation 
can be diffuse or nodular. The seminiferous 
tubules show little changes (Fig. 14.7). When cell 
proliferation is nodular, the clusters of Leydig 
cells are preferably located near the mediastinum 
testis. In these cases, it may pose a differential 
diagnosis with intratesticular adrenal remnants 
and bilateral Leydig cell tumors. Congenital 
Leydig cell hyperplasia regresses in the first 
weeks of postnatal life. 


Familial Testotoxicosis (Gonadotropin- 
Independent Precocious Puberty (GIPP) or 
Familial Male Limited Precocious Puberty 
(FMPP)) 


This disorder is a form of male precocious puberty, 
characterized by the early maturation of Leydig 
cells in absence of pituitary gonadotropic stimula- 
tion. The cause is a constitutive-activating muta- 
tion of LH/CGR gene [58] mapped in 2p21 [59]. 

Histological studies reveal an adult develop- 
ment of Leydig cells. The hyperplasia can be dif- 
fuse or nodular [60]. Seminiferous tubules can 
show complete spermatogenesis, although with 
many morphological spermatid anomalies [61] 
(Fig. 14.8). 


Clinical Features The patients, usually from 1 to 
4 years of age, present signs of pubertal develop- 
ment including rapid virilization, acceleration of 
growth with eventual closure of epiphyses, and 
short stature at adulthood. Although the testes are 
enlarged, their size is not correlated to virilization. 
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Fig. 14.7 Congenital 
Leydig cell hyperplasia in 
a newborn child of diabetic 
mother 


Fig. 14.8 Testotoxicosis. 
Seven-year-old patient 
showing virilization 
associated with rapid 
acceleration of growth. A 
focus of Leydig cell 
hyperplasia surrounded by 
seminiferous tubules with 
complete spermatogenesis 
was observed in the 
testicular biopsy 


Hormonal assays show elevated serum testosterone 
levels, low levels of dehydroepiandrostenedione 
(DHAS), androstenedione, 17-hydroxyprogester- 
one, GnRH, and LH; absence of pubertal LH pul- 
satile pattern [58]; and elevated levels of inhibin B 
before the normal age of puberty [62]. The response 
of gonadotropins to GnRH stimulation is negative. 
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14.2.2.3 Sertoli Cell and/or Leydig 
Cell Hyperplasia 


McCune-Albright Syndrome 

There are clinical syndromes, of which McCune- 
Albright syndrome (MAS) is the prototype, 
where the cause of macroorchidism has been 
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described associated with both activation of 
Sertoli cells and Leydig cell hyperplasia. 

MAS is characterized by polyostotic fibrous 
dysplasia, “cafe au lait” skin pigmentation, and 
autonomous endocrine hyperfunction. Precocious 
puberty is present in 15 % of males. Male patients 
show testicular enlargement, prepubertal penile 
size, and absence of axillary and pubic hair. This 
syndrome is originated by a post-zygotic gain of 
function mutation at codon 201 in the guanine- 
nucleotide binding protein o-subunit (GNAS/) 
genes that encode the GS-a protein [63]. The 
anomaly is followed by inactivation of both LHR 
and FSHR [64]. 

Macroorchidism due to autonomous Sertoli 
cell hyperfunction shows abnormally elevated 
serum levels of inhibin B and AMH in correlation 
to decreased serum levels of both FSH and testos- 
terone. Therefore, a pubertal inhibin B serum 
level would suggest a Sertoli cell hyperfunction 
that would cause a negative feedback on FSH 
secretion. 

The testes show focus of uniformly enlarged 
seminiferous tubules arranged in groups that are 
not mixed with the normal-for-age seminiferous 
tubules with child development. The enlarged 
seminiferous tubules show Sertoli cell hyperpla- 
sia and absence of spermatogenesis. The intersti- 
tium lacks Leydig cells [65]. In 62 % of the cases, 
testicular microlithiasis is associated [66]. The 
absence of Leydig cells has been related to the 
presence of the somatic mutation in GNAS/ gene 
in Sertoli cells [67], but not in Leydig cells. The 
different early embryologic origin of precursor 
cells that contribute to Sertoli cell and Leydig 
cell lineages might underlie the differential 
occurrence of the mutated GNAS/ gene. 

MAS mechanism associated with Leydig cell 
hyperplasia is presumably related to excess of 
cAMP signaling [68]. GS-o« mutation in MAS 
triggers differentiation of immature Leydig cells 
present in childhood, which in some patients 
causes the autonomous maturation of Leydig 
cells that causes a precocious puberty secondary 
to excess testosterone [69]. 

There are a number of data supporting the idea 
that gonadotropin-independent precocious puberty 
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could begin with early activation of Sertoli cells 
followed by the activation of Leydig cells. In the 
same patient, Sertoli cell hyperplasia in the first 
biopsy and Leydig cell hyperplasia in the surgical 
specimen have been observed with a difference of 
years [70]. Macroorchidisms secondary to Sertoli 
cells hyperplasia have been observed in childhood 
[65], and in a Leydig cell hyperplasia, the sub- 
jects are older children and pubertal and adult 
patients [71]. 

Macroorchidism is not always bilateral, and 
unilateral macroorchidism may be its first mani- 
festation [72, 73]. 
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15.1 Introduction 

The presence of Leydig cells in the testis of children 
is not easy to detect with standard histological tech- 
niques. The use of electron microscopy has shown 
that the population of fetal Leydig cells disappears 
in early infancy and a new differentiation of adult 
cells starts from peritubular and perivascular cells 
with fibroblast appearance. But there are several 
entities that are characterized sometimes by hyper- 
plasia or hypertrophy of the Leydig cells and others 
by tumor formation during childhood. Among the 
first ones, the most frequent are diffuse and nodular 
hyperplasia of Leydig cells in newborn infants of 
diabetic mothers [1]; hypertrophy of Leydig cells 
due to fat accumulation in the androgen insensitiv- 
ity syndrome, a defect in 5-alpha-reductase, defects 
in AMH, and mutations of the steroidogenic factor- 
1 (SF-1/NR5A1) [2]; and focal or diffuse hyperpla- 
sia associated with activating mutations of the 
luteinizing hormone receptor (LHR) [3]. The 
Leydig cell tumors can be found among the latter 
[4]. Both diffuse and focal hyperplasia and Leydig 
cell tumors may present with a picture of androgen 
hyperfunction causing gonadotropin-independent 
sexual precocity in boys. 


15.2 Leydig Cell Tumors 


The Leydig cell tumors represent only 4-9 % of 
all testicular tumors in prepubertal age [5]. The 
clinical presentation in childhood is mainly 
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dependant on the endocrine effects of the endo- 
crine neoplasia causing premature isosexual 
pseudopuberty and macrogenitosomia [6]. 
Leydig cell tumors are responsible for 10 % of all 
cases of early pseudopuberty in children. The 
presentation of the precocious pseudopuberty 
symptoms is variable — in most cases they start in 
the first 5 years of life [7]. In some cases, proba- 
bly because of an early diagnosis, tumors only 
cause increased testicular size secondary to pre- 
cocious tubular maturation, and the precocious 
pseudopuberty symptomatology is absent [8]. 
The contralateral testis is rarely enlarged. 


Histopathology The testicle is enlarged in most 
patients due to the tumor size and also because of 
the accelerated maturation of the testicular paren- 
chyma. In most cases there is a palpable nodule, but 
some cases have been reported in which the diagno- 
sis, in the absence of a palpable mass, was made by 
ultrasound. They are not encapsulated tumors (Fig. 
15.1); the color varies from yellow to brown. Tumor 
cells are arranged in sheet or trabeculae separated 
by arich vascular network. Other patterns observed 
in the adult such as spindle cells, microcystic, pseu- 
doglandular, lipid-rich cells, and tumors with osse- 
ous and adipose metaplasia are rare in childhood. In 
childhood, the tumor margins are not sharp due to 
the absence of a capsule, and the tumor often 
includes some seminiferous tubules peripherally. 


Tumor cells are polyhedral, with eosinophilic 
cytoplasm and eccentric nucleus; spherical; or 


123 


M. Nistal et al., Clues in the Diagnosis of Non-tumoral Testicular Pathology, 


DOI 10.1007/978-3-3 19-49364-0_15 


124 


Fig. 15.1 Leydig cell 
tumor and precocious 
pseudopuberty. A 
well-defined but not 
encapsulated tumor present 
in a child 


Fig. 15.2 Complete 
spermatogenesis is shown 
in a seminiferous tubule 
trapped by a Leydig cell 
tumor in a child 


ovoid, with central nucleolus. Small vacuoles and 
lipofuscins can be observed in the cytoplasm. 
There are no Reinke crystals. All functioning 
tumors studied under electron microscopy have 
the following organelles and inclusions in 
common: tubular cristae mitochondria, great 
development of the smooth endoplasmic reticu- 
lum, lysosomes, lipofuscins, and lipid droplets. 
Areas of hemorrhage and necrosis are absent. 
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In all functioning tumors, the peritumoral 
parenchyma shows an advanced tubular matura- 
tion with the presence, even in infancy, of com- 
plete spermatogenesis [9] (Fig. 15.2). This 
maturation is limited to the seminiferous tubules 
encompassed by the tumor or in its immediate 
neighborhood (Fig. 15.3). The maturation is sec- 
ondary to the high rate of androgens that tumor 
cells are capable of producing. The seminiferous 


15.2 Leydig Cell Tumors 


Fig. 15.3 Leydig cell 
tumor in a child 
surrounded by 
seminiferous tubules with 
lumen and more externally 
tubules with prepubertal 
maturation 


Fig. 15.4 Infantile 
appearance of the testicular 
parenchyma far from the 
Leydig cell tumor shown in 
the figure above 


tubules located far from the tumor, with decreas- 
ing concentration of androgens, scarcely show 
any change (Fig. 15.4). In some tumors androgen 
production is sufficient to induce tubular matura- 
tion and therefore an enlarged size, but insuffi- 
cient to rise testis serum testosterone levels and 
produce a premature isosexual pseudopuberty. 
Ultrasound scanning, selective venous sampling, 


and the hCG stimulation test help diagnose the 
tumor [10]. 

The clinical differential diagnosis arises with 
other forms of precocious pseudopuberty such as 
virilizing forms of adrenal hyperplasia, adrenal 
tumors that produce chorionic gonadotropin, 


male-limited precocious puberty, and the 
McCune-Albright syndrome. Prepubertal patients 
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virilized by a Leydig cell tumor have low or nor- 
mal serum levels of gonadotropins, with high 
levels of testosterone, androstenediol, 17-hydroxy- 
progesterone, and 17-ketosteroids. 

The histologic differential diagnosis in child- 
hood covers Leydig cell hyperplasia in patients 
with gonadotropin-independent male-limited 
precocious puberty, the “tumors” of the adreno- 
genital syndrome (TTAGS) (see Chap. 7), and 
large cell calcifying Sertoli cell tumor. 

Since the clinical picture and proliferating cell 
type in gonadotropin-independent male-limited 
precocious puberty and functioning Leydig cell 
tumors are similar, it would seem logic that some 
relationship should exist between these two 
pathologies. The fact that symptoms of sexual 
development appear in Leydig cell tumors prefer- 
ably between 5 and 9 years [11] while in male- 
limited precocious puberty they appear before 
4 years [3] might suggest as much. Most authors, 
however, are inclined to think that there is no 
relationship between them and that they are dif- 
ferent pathologies altogether [12]. Patients with 
precocious puberty due to activating mutations in 
the gene for the luteinizing hormone receptor do 
not have an increased risk of Leydig cell tumors 
[4]. However, there are at least five cases of func- 
tioning tumors of Leydig cells with somatic acti- 
vating mutation (Asp578His) of the LHR gene 
which reopens the relationship between the two 
entities, and those somatic activating mutations 
of gonadotropin receptors are involved in testicu- 
lar tumorigenesis [13, 14]. 

The differential diagnosis between Leydig cell 
hyperplasia and Leydig cell tumors developing 
precocious pseudopuberty is not easy. 
Histological studies of patients with this type of 
testicular Leydig cell hyperplasia, except for the 
nodule size, number, and the presence therein of 
seminiferous tubules with spermatogenesis, do 
not differ from those of Leydig cell tumors. An 
open excision testicular biopsy has been recom- 
mended. If the sample allows the diagnosis of a 
Leydig cell tumor, enucleation of the tumor mass 
is advisable [15, 16]. 

Leydig cell tumors differ from large cell calci- 
fying Sertoli cell tumors by the absence in the 


tumor of Leydig cells of multifocal, bilateral, 
intratubular calcifications, by a stroma rich in 
polymorphonuclear leukocytes, laminated calci- 
fications, and the tendency of cells to be arranged 
in a pseudoacinar pattern. The absence of a hya- 
linizing intratubular Sertoli cell neoplasia is 
another fact of importance in the differential 
diagnosis. Immunohistochemically, both tumors 
share the expression of several antibodies even 
though some differences in the expression of 
Melan A, CD10, mitochondria, and $100 protein 
beta have been observed [17]. 


Prognosis and Treatment The vast majority 
of Leydig cell tumors in children are benign in 
contrast to the 10 % rate observed in malignant 
tumors of adults [7]. Malignancy has only been 
reported in some bilateral tumors [18]. The cri- 
teria for malignancy, as occurs in adult tumors, 
are not well established. The presence of necro- 
sis, the high cellular pleomorphism, the high 
number of mitoses, the atypical mitoses, and 
both vascular and the tunica albuginea infiltra- 
tion can issue an alert for aggressive behavior. 
Since the vast majority of tumors have a benign 
biological behavior, their treatment is enucle- 
ation [19, 20]. 


15.3 Sex Cord Tumors 


Large cell hyalinizing Sertoli cell neoplasia 
(Figs.15.5 and 15.6) and the large cell calcifying 
Sertoli cell tumor can induce bilateral testicular 
enlargement (caused by the tumor and the preco- 
cious tubular maturation) and a precocious pseu- 
dopuberty, which is isosexual (development of 
musculature, appearance of axillary and pubic 
hair) and heterosexual (gynecomastia). Tumor 
cells have been suggested to stimulate the Leydig 
cells to synthesize androgens. Tumor cells them- 
selves would aromatize these androgens into 
estrogens, and both steroid hormones would be 
responsible for the clinical symptoms [21, 22]. 
These tumors are frequently observed in the 
Peutz-Jeghers syndrome [23-25] and the Carney 
complex [26]. 


15.4 Adrenocortical Tumors 


Fig. 15.5 Large cell 
hyalinizing Sertoli cell 
neoplasia in a prepubertal 
patient. The tumoral 
tubules show basement 
membrane thickening and 
protrusions inward 
(immunostaining with 
collagen IV) 


Fig. 15.6 Initial 
spermatogenesis is shown 
in the seminiferous tubules 
peripheral to a large cell 
hyalinizing Sertoli cell 
neoplasia (same case of the 
previous figure) 


15.4 Adrenocortical Tumors 


Adrenocortical tumors are rare in childhood and 
account for less than 0.2 % of all pediatric 
tumors [27]. There are two peaks of higher inci- 
dence, before age four and in the fourth decade. 
Several congenital malformations such as the 
Beckwith-Wiedemann’s syndrome and_ the 


Li-Fraumeni’s syndrome may be associated with 
this tumor [28]. 

In childhood, most patients with virilizing 
tumors of the adrenal cortex show small testes, 
but boys with testicular hypertrophy have excep- 
tionally been observed [29]. It has been sug- 
gested that, in these cases, the seminiferous 
tubules could be developed under the adrenal 
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androgenic action [30]. Other patients with viril- 
izing adrenocortical carcinoma after removal of 
the adrenal tumor develop a central precocious 
puberty requiring treatment to delay pubertal 
progression with a gonadotropin-releasing hor- 
mone agonist [31]. In the untreated or inade- 
quately treated congenital adrenal hyperplasia, 
both tests can reach a big size because of the 
“tumoral” growth of cells that are similar to the 
cells of the adrenal cortex [32]. A similar condi- 
tion can be observed in Nelson’s syndrome 
patients (see Chap. 7).. 


15.5 Extratesticular HCG- 
Secreting Tumors 


In patients with hCG-secreting germ cell tumors, 
complete suppression of plasma LH and FSH 
with increased plasma concentrations of both tes- 
tosterone and estradiol is often discovered [33]. 
The increased testicular size observed in patients 
with paraneoplastic precocious pseudopuberty 
secondary to hepatoblastoma [34-37] and extra- 
testicular (retroperitoneum, mediastinum, basal 
ganglia, pineal, or suprasellar region) hCG- 
secreting germ cell tumors are very mild [38—43]. 


Fig.15.7 Macroorchidism 
secondary to maturation of 
seminiferous tubules 
located in the vicinity of a 
microscopic hemangioma 
in a prepubertal child 
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However, some patients show a precocious 
pubertal maturation that can be either diffuse or 
nodular. These nodules consist of hyperplastic 
Leydig cells and seminiferous tubules that can 
show complete spermatogenesis. Outside the 
nodule, the seminiferous tubules maintain their 
prepubertal pattern. In some cases, only Leydig 
cell hyperplasia is diffusely observed [44]. 


15.6 Other Tumors 


We recently had the opportunity to study an 
11-year-old patient with unilateral macroorchi- 
dism not associated with any of the situations 
discussed above. Hormonal determinations were 
normal for his age. The sonographic diagnosis 
was a | cmintraparenchymal tumor. Orchiectomy 
was performed. The histological examination 
disclosed a focally advanced maturation of the 
spermatogenesis responsible for the patient’s 
testicular enlargement. Only the study of serial 
sections highlighted in the central part of this 
lesion is a microscopic capillary angioma. Our 
interpretation was that local maturation was pro- 
duced by the larger hormonal inflow provided by 
the angioma vessels (Figs. 15.7 and 15.8). 


References 


Fig. 15.8 Capillary 
hemangioma is surrounded 
by seminiferous tubules 
with spermatogenesis in a 
child (same case of the 
previous figure) 
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16.1 Tubular Hyalinization 

A small percentage of infertile patients (8 %) 
show an image of diffuse tubular hyalinization 
in the testicular biopsy. Hyalinization of the 
seminiferous tubules is a terminal atrophy 
lesion that includes not only the loss of germ 
cells and Sertoli cells but also changes in the 
tunica propria and in the Leydig cells. As a 
consequence the testicular size is very small. 
Given a series of histological details and clini- 
cal data, specify injury mechanisms can be 
specified in most cases. The most frequent 
causes of tubular hyalinization are dysgenetic, 
hormone deprivation, an ischemic mechanism, 
post-obstructive, post-inflammatory, and tubu- 
lar hyalinization secondary to physical and 
chemical agents. 


Dysgenetic Tubular Hyalinization 

It is a diffuse lesion; most of the seminiferous 
tubules are in the same developmental stage. 
The few preserved seminiferous tubules more 
often show only dysgenetic Sertoli cells and 
spermatogenesis only in exceptional cases. 
Atrophic tubules have absent or decreased elas- 
tic fibers. The most common entities that can 
occur with this image are the Klinefelter’s syn- 
drome (see Chap. 18) and most undescended 
testes that were not descended before puberty. 
This lesion can be seen in patients with focal 
mixed atrophy. 
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Tubular Hyalinization by Hormone 
Deprivation 

The tubular hyalinization by hormone depriva- 
tion is a diffuse process. It is the manifestation of 
a postpubertal onset hypogonadotropic hypogo- 
nadism (see Chap. 19). 


Tubular Hyalinization by an Ischemic 
Mechanism 

The more frequent testicular atrophies secondary 
to ischemia are caused by torsion of the sper- 
matic cord, by iatrogenic injury of the testicular 
artery or its branches during interventions on the 
inguinal region, and by the involvement of the 
nodose panarteritis or intense arteriosclerosis 
(see Chaps. 24 and 25). 


Post-obstructive Tubular Hyalinization 
Obstruction of the spermatic ducts can lead to 
atrophy of the seminiferous tubules. However, 
for the obstruction to originate tubular hyaliniza- 
tion, the obstruction is required to be located very 
close to the testicle, e.g., at the head of the epi- 
didymis, and specifically the efferent ducts that 
act as shock absorbers to absorb 90 % of the tes- 
ticular fluid (see Chap. 17). 


Post-inflammatory Tubular Hyalinization 

Virus infections often affect the testicle, and what 
is more important, in many cases they do so with- 
out any symptoms or subclinical manifestations 
(see Chap. 26). An immunologically based tubular 
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atrophy is observed in peripheral seminiferous 
tubules with germ cell tumors or in carriers of a 
“burned” tumor [1]. 


Tubular Hyalinization Secondary to Physical 
and Chemical Agents 

The range of agents capable of producing a tubu- 
lar hyalinization is very broad. Radiation and 
chemotherapy are among the main ones (see 
Chap. 40). 


16.2 Sertoli Cell-Only Syndrome 
(SCOS) 


This term groups all scenarios of secretory azo- 
ospermia in which the seminiferous tubules show 
only Sertoli cells. They represent 13 % of biop- 
sies of infertile patients who present with azo- 
ospermia [2]. The presence of both mature and 
functional Sertoli cells is the basic requirement 
for germ cell survival. The morphology of Sertoli 
cells allows to distinguish three types of Sertoli 
cell-only syndromes in infertile patients: dysge- 
netic Sertoli cell-only, adult or mature Sertoli 
cell-only, and atrophic or involutive Sertoli 
cell-only. 


Fig. 16.1 Dysgenetic 
Sertoli cell-only syndrome. 
Seminiferous tubules are 
lined by Sertoli cells with 
high cylindrical cytoplasm. 
Inset: Sertoli cells show 
elongated nuclei with 
central nucleolus. In the 
interstitium there is mild 
Leydig cell hyperplasia 


Dysgenetic Sertoli Cell-Only Syndrome 

Dysgenetic Sertoli cells are cells that during 
puberty acquire a morphology different from that 
of the normal adult cells. There are basically two 
types of tubules with dysgenetic Sertoli cells. One 
in which Sertoli cells predominate whose nuclei 
are reminiscent of adult cells due to their large 
size, lax chromatin, and well-developed central 
nucleolus. But contrary to normal adult cells, the 
nuclear membrane does not show any folds or 
these are minimal [3]. The configuration of the 
nuclei is spherical or ovoid rather than triangular, 
and there are small aggregates of heterochromatin 
irregularly dispersed in the nucleoplasm. Another 
configuration in which Sertoli cells showing elon- 
gated nuclei with generally well-developed nucle- 
olus and several irregularly arranged granulations 
of heterochromatin is observed [4, 5] (Fig. 16.1). 
Immunohistochemically, in addition to vimentin, 
dysgenetic Sertoli cells express antimiillerian hor- 
mone (AMH) and cytokeratin 18. The presence of 
AMH immunoreactivity [6] and cytokeratin 18 
[7] is considered an evidence of immaturity, like 
the absence of elastic fibers in the tubular wall [8]. 


Mature or Adult Sertoli Cell-Only Syndrome 
In this syndrome most seminiferous tubules are 
lined with Sertoli cells with nuclear characteristics 
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similar to normal adult cells (Fig. 16.2). The only 
disagreeing datum is a large number of Sertoli 
cells by transverse tubular section (14 + 0.89). 
Similarly to other types of tubules with Sertoli 
cell-only syndromes, the lamina propria often is 
thickened with increased collagen type IV and the 
beta2 chain of laminin [9]. 


Involutive or Atrophic Sertoli Cell-Only 
Syndrome 

There are testicles that may have had a germ- 
line for some time, but due to a series of 
circumstances, they have suffered an involution 
that affected not only the germline but also the 
Sertoli cells, leaving in them morphological 
consequences at both the cytoplasm and nuclei. 
Seminiferous tubules with Sertoli cell-only 
with irregular nucleus with multiple and deep 
folds predominate, giving them a lobed appear- 
ance rather than the characteristic triangular 
nuclei of adult Sertoli cells. The nucleolus can 
be of normal size. The number of Sertoli cells 
by transverse tubular section is not as increased 
as in the preceding syndromes [10]. The semi- 
niferous tubules retain the lumen and have a 
reduced size, varying degrees of thickening of 
the tunica propria, and persistence of elastic 
fibers. 


Fig. 16.2 Adult Sertoli 
cell-only syndrome. 
Seminiferous tubules are 
lined by Sertoli cells with 
low cylindrical cytoplasm. 
Inset: triangular-folded 
nuclei and voluminous 
nucleolus 
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Etiology SCOS may be caused by epigenetic 
and/or genetic factors. The patient’s pathology 
may be ascertained depending on the type of the 
Sertoli cells. Dysgenetic Sertoli cell-only syn- 
drome can be seen in undescended adult testes, 
whether they have been descended in childhood 
or not [11, 12]; in patients with chromosomal 
abnormalities such as 45,X, 48,XYYY, and 
46,XX and Y chromosome deletions [13]; and in 
patients with idiopathic infertility and scrotal tes- 
tes (TERADA 1991). Except for cases with a his- 
tory of cryptorchidism, in which injuries can be 
both uni- and bilateral, the other lesions are 
bilateral. 


When Del Castillo described the adult Sertoli 
cell-only syndrome in 1947 [14], he suggested 
that the failure would lie in the absence of migra- 
tion of germ cells from the wall of the yolk sac to 
the genital ridges. Experimentally, the develop- 
ment of seminiferous tubules with Sertoli cell- 
only with both cold testicular ischemia [15] and 
blocking migration of germ cells has been 
achieved with busulfan [16]. A mutation of the 
c-KIT gene or its ligands could cause an anomaly 
in the migration, proliferation, and survival of 
primordial germ cells. [17]. PLK4 mutations, a 
protein that plays a critical role in centriole dupli- 
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cation and nuclei formation, cause impaired sper- 
matogenesis and Sertoli cell-only in humans 
[18]. The analysis of genes whose expression 
occurs only in germ cells during spermatogenesis 
may be of prognostic value as it allows to discard 
the presence of Sertoli cell-only tubules in other 
areas of the parenchyma. 

Other genetic risk factors that have been associ- 
ated with SCOS are SEPTIN12 and the genotype 
and allele frequencies in SNP3, SNP4, and SNP6 
which are higher than in controls [19]. In studies 
of human LRWD/1 gene, the allele frequencies of 
two of the three SNPs (SNP1 and SNP2) are also 
more frequent than in controls [20]. In evaluations 
of copy number variants (CNVs), sex chromo- 
somal CNVs have been observed to be overex- 
pressed in SCOS patients [21]. 

Involutive Sertoli cell-only syndrome is related 
to treatment with physical agents such as ionizing 
radiation or chemical agents such as corticosteroids 
or treatments used in antitumor chemotherapy and 
nephrotic syndromes. There is also the possibility 
that these alterations are a manifestation of early 
aging of a dysgenetic testis (see Chap. 40). 

There is a small group of patients showing dys- 
genetic Sertoli cell-only or adult Sertoli cell-only 
in the testicular biopsy who have sperm in the 
ejaculates. This apparent disagreement between 


Fig. 16.3 Mixed atrophy. 
Group of seminiferous 
tubules with Sertoli 
cell-only side by side to 
larger tubules with 
complete spermatogenesis 
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the testicular biopsy and the spermiogram is due 
to the existence of mixed atrophy in the testicles, 
in these cases the biopsy being unrepresentative 
of the testicular pathology. The search for meiotic 
(lactate dehydrogenase C4) and post-meiotic 
(transition protein 1 and protamine 1 and 2) germ 
cell gene products ensures the presence of germ 
cells [22]. 


16.3 Mixed Atrophy 


Mixed atrophy is a descriptive term that refers to 
the presence of a group or groups of seminiferous 
tubules with Sertoli cell-only in the same testicle, 
side by side with other tubules with germline [23] 
(Fig. 16.3). The extension of tubules with Sertoli 
cell-only is very variable, from a few to most 
tubules in the biopsy. Tubules with spermatogen- 
esis may be normal or show any type of lesion in 
the germline. Sometimes associated with these 
lesions, there are some tubules with complete 
hyalinization. The testicles are usually small. The 
lesions may be unilateral or bilateral. 

This lesion is more common than that 
expressed by the literature, and many cases could 
have been included in other lesional patterns. 
Thus, it is said that in some cases of hyposper- 
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matogenesis, decreased germ cells can become 
so important that they appear in Sertoli cell-only 
tubules, or otherwise, in some Sertoli cell-only 
syndromes, focal hypospermatogenesis can be 
observed [24]. Once the lesion is detected, it is 
necessary to quantify the number of tubules with 
spermatogenesis and to perform a quantitative 
study of the seminiferous epithelium to assess the 
quality of spermatogenesis. 

This type of testicular atrophy is observed in 
patients with idiopathic infertility and a history of 
cryptorchidism, even if it was properly corrected 
in childhood. This lesion may appear in the testis 
that was undescended and also in the contralateral 
scrotal testis. Mixed atrophy can also be seen in 
patients with retractile testes, patients with mac- 
roorchidism [25], patients with intravaginal sper- 
matic cord torsion, both in the twisted testis and in 
the contralateral one [26], in patients with chro- 
mosomal abnormalities such as Down’s syn- 
drome, in 47,XYY and 46,XX individuals, in 
some Klinefelter’s syndromes, microdeletion of 
the Y chromosome, and giant Y chromosome. It 
has also been reported in patients with incomplete 
androgen insensitivity [27, 28], in patients who 
were undergoing chemotherapy or corticosteroid 
therapy when spermatogenesis [29] is retrieved, 
and in patients with a history of viral orchitis. 


Fig. 16.4 
Hypospermatogenesis. 
Transverse tubular sections 
of several seminiferous 
tubules. The count of all 
germ cells shows a marked 
decrease in both 
spermatogonia and 
spermatocytes and 
spermatids. The variable 
number of germ cells in 
each tubular section is 
characteristic 
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16.4.1 Hypospermatogenesis 


Hypospermatogenesis is defined as a lesion charac- 
terized by the presence of a number of spermatogo- 
nia and first-order spermatocytes lower than 
normal, but with a preserved ratio between these 
two cell types. Most seminiferous tubules have a 
small number of spermatids (Fig. 16.4). There is a 
tubular focal hyalinization in 8 % of the patients 
[23]. Most patients have severe oligozoospermia. 
Inhibin B is the most sensitive and specific endo- 
crine marker of hypospermatogenesis [30]. 

We can distinguish two different forms of 
hypospermatogenesis: pure hypospermatogene- 
sis and hypospermatogenesis associated with 
sloughing of first-order spermatocytes. Pure 
hypospermatogenesis is characterized by main- 
taining cell proliferation and differentiation at 
levels lower than normal, but keeping the same 
proportionality between germ cells. In the hypo- 
spermatogenesis associated with sloughing of 
the first-order spermatocytes, we observe (a) a 
low number of spermatogonia and first-order 
spermatocytes, the number of first-order sper- 
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matocytes always being higher than the number 
of spermatogonia, which is consistent with the 
definition of hypospermatogenesis, and (b) a 
loss of most spermatocytes by degeneration, 
leading the remaining ones to be isolated 
spermatids. 

The etiology of pure hypospermatogenesis 
has been linked in the past with the following 
situations: hormonal dysregulation, congenital 
deficiency of germ cells, Sertoli cell deficit [31], 
dysfunction of Leydig cells [32], androgen insen- 
sitivity [33], and exposure to physical and chemi- 
cal agents [34]. 

Quantitative and qualitative studies of the 
seminiferous epithelium in hypospermatogenesis 
associated with sloughing of first-order sper- 
matocytes allow to distinguish at least three 
situations: 


e Seminiferous tubules with adult Sertoli cells 
with increased apical cytoplasmic vacuoles, 
associated with spermatogenesis with a low 
number of maturational abnormalities and 
tubular ectasia. These changes suggest a 
lesion of the seminiferous epithelium second- 
ary to an obstructive mechanism, which in 
many cases is associated with an ipsilateral 
varicocele. 


Fig. 16.5 Infertile 
patients with 
spermatogonial maturation 
arrest. The number of 
Sertoli cells is increased 
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e Seminiferous tubules with involutive Sertoli 
cells (nuclei with excessively folded contours 
and hyperchromatism), with or without mor- 
phological abnormalities of the germ cells. 
These changes suggest a primary or secondary 
Sertoli cell alteration and secondary abnor- 
malities of the germ cells. It is observed in 
cases of idiopathic infertility. 

e Seminiferous tubes with normal adult Sertoli 
cells and germ cell abnormalities that prefer- 
entially affect first-order spermatocytes and 
spermatids. It is observed in anomalies of 
meiosis. 


16.4.2 Maturation Arrest 


Spermatogonial Maturation Arrest 

This situation is found when the following two 
factors are present in the testicular biopsy: a 
number of spermatogonia less than 17 by cross 
tubular section and a number of first-order 
spermatocytes lower than the number of 
spermatogonia. Spermatids are generally absent 
(Fig. 16.5). This situation is the result of an insuf- 
ficient proliferation of spermatogonia. Bearing in 
mind that Sertoli cells are directly involved in the 
regulation of spermatogonia proliferation, an 
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approach to the etiology of spermatogonia matu- 
ration arrest has been attempted by assessing the 
characteristics of companion Sertoli cells [35]. In 
this way, we can distinguish the following matu- 
ration arrests: 


e Maturation arrest with immature Sertoli cells, 
which is a bilateral lesion typical of primary 
hypogonadotropic hypogonadisms. 

e Maturation arrest with adult Sertoli cells. 
Testicular involvement may be unilateral or 
bilateral. In unilateral cases it is associated 
with ipsilateral varicocele, epididymitis, and 
testicular trauma, situations that may injure 
the testicle through an obstructive mechanism. 
The current knowledge considers the bilateral 
cases to be idiopathic. 

e Maturation arrest with involutive Sertoli cells. 
In most cases the lesions are bilateral and 
caused by the action of physical and chemical 
agents [36]. 

e Maturation arrest with dedifferentiated 
Sertoli cells. The seminiferous tubules show 
a great thickening of the tunica propria. 
Spermatogonia present are mostly Ad type 
and Sertoli cells, increased in number by 
cross tubular section, and have spherical 
nuclei with a small central nucleolus. The 


Fig. 16.6 Spermatocyte 
maturation arrest. 
Azoospermic patient with 
sudden arrest of 
spermatogenesis in 
first-order spermatocyte. 
These cells show 
degenerative signs and 
sloughing in the lumen 
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cytoplasm is rich in vacuoles and lipid inclu- 
sions. Leydig cells are decreased in number 
and show signs of atrophy. The lesion is 
bilateral and occurs in treatments with estro- 
gen, GnRH agonists, and antiandrogens [37]. 

e Maturation arrest with dysgenetic Sertoli 
cells. The seminiferous tubules are similar to 
those of dysgenetic Sertoli cell-only syn- 
drome, but all tubules have several spermato- 
gonia. Half of the patients have a history of 
cryptorchidism. 


Spermatocyte Maturation Arrest 

Some patients with first-order spermatocytes 
sloughing are carriers of abnormalities in meiosis 
[38, 39]. This anomaly may be simply suggested 
by the histological pattern when the arrest in mat- 
uration occurs in the preleptotene and leptotene 
spermatocytes, which is infrequent [40], or in 
pachytene spermatocytes, which is much more 
common [41]. The lesion is bilateral. The anom- 
aly in meiosis determines two facts, the practical 
absence of spermatids and a large accumulation 
of first-order spermatocytes in the seminiferous 
tubules (Fig. 16.6). It has been reported in asso- 
ciation with trisomies, microdeletions of the Y 
chromosome, and balanced autosomal anoma- 
lies. In patients with abnormal chromosomal con- 
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stitutions, this may affect some spermatocytes 
and not others, producing a greater number of 
spermatids [42]. In patients with spermatocyte 
arrest in which the number of spermatocytes is 
not increased, the etiology may be of an obstruc- 
tive nature (see Chap. 17). When these two situa- 
tions are not separated, as occurs in most series, 
the poor prognosis of an abnormality in meiosis 
is not adequately evaluated [43]. 


Meiotic arrest has been linked to the lack of 
expression of several genes such as the absence of 
BOULE protein expression [44]; altered expres- 
sion of heat shock transcription factor; Y chromo- 
some (HSFY) [45], HSPA2, that is involved in 
DNA mismatch repair [46]; downregulation of 
microRNA-383 [47]; lack of expression of sur- 
vivin, an inhibitor of apoptosis [48]; and lack of 
expression of BET genes [49]. Meiotic arrest is 
also associated with copy number variations 
(CNYs) [50] and with TEX11 deletions and muta- 
tions [51]. Comparing patients with maturation 
arrest with controls, a high methylation in specific 
CpG island of the promoter region of MTHFR 
[52] that contains tissue-specific differentially 
methylated regions (TDMRs) in the VASA gene 
[53] and inactivation of the PIWI pathway genes 
[54] were observed. 


Fig. 16.7 Spermatid 
maturation arrest. 
Abundant multinucleated 
spermatids forming 
syncytia 
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Spermatid Maturation Arrest 

The absence of adult spermatids in relation to a 
normal number of round spermatids is rare. There 
are two intrinsic histological patterns: spermatic 
arrest secondary to abnormality in meiosis and 
spermatic arrest by defects in spermatogenesis. 
There is also a pattern related to cell ageing, age, 
and spermatic duct obstruction, syncytia forma- 
tion of round spermatids. 


e Testes with spermatic maturation arrest sec- 
ondary to abnormality in meiosis usually dis- 
play a normal number of spermatogonia and 
first-order spermatocytes; frequent multinu- 
cleation of Sa + b spermatids (Fig. 16.7); the 
presence of Sa + b spermatids with large, 
hyperchromatic, probably polyploid nuclei; 
and the presence of adult binucleate sperma- 
tids sharing the acrosome. All these data 
suggest that the defect in meiosis manifests 
very differently, either as the absence of cyto- 
kinesis at the end of meiosis with diploid sper- 
matids formation or by dissociation between 
cytokinesis and spermatogenesis. 

e Spermatic arrest by defects in spermiogenesis. 
Some patients have a good number of Sa + b 
spermatids and intense decrease or absence of Sc 
+ d spermatids (Fig. 16.8). There is an inability 
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Fig. 16.8 Spermatid 
arrest caused by 
spermatogenesis default. 
Plentiful of round nuclei 
spermatids with highly 
condensed chromatin 


to transform young into adult spermatids. This 
fact has been related to specific structural defects 
of the proteins that form microtubules and 
microfilaments [55] and defects in spermatogen- 
esis-linked Kriippel-like factor 4 (KLF4), or 
cAMP-responsive element modulator (CREM) 
[56], or aberrant mRNA expression of chromatin 
remodeling factors [57]. Patients show only 
round spermatids in the ejaculates. It is a pattern 
that can appear in a familial manner. 


16.5 Potentially Predictive 
Factors 


Numerous attempts have been made to predict 
spermatogenesis in patients with NOA using non- 
invasive techniques, with limited success. The 
most studied clinical data are testicular size and 
hormone levels. The testicular volume has no 
effect on successful sperm retrieval [58]. Small 
testes associated with high levels of FSH may have 
foci of spermatogenesis. Patients with normal vol- 
umes and FSH hormone levels between 10-15 mU/ 
mL are less likely to have sperm than those with 
higher or lower figures [59]. Serum LH, testoster- 
one, and inhibin B rates have no predictive value. 
The only reliable predictor of successful 
TESE is the testicular histology [60]. But we 


need to keep in mind that only a small portion of 
the testicle is explored with a biopsy. The study 
must be maximized, particularly in patients with 
tubular hyalinization or SCOS to try to find a 
tubule with spermatogenesis in which sperm may 
be retrieved from testicular biopsies (TESE, 
micro-TESE) and achieve pregnancy with 
ICSI. Histopathological findings are the most 
useful predictive factors for successful 
TESE. However, it is questionable whether a 
biopsy should be done before scheduling TESE 
[61]. Sperm retrieval rates with micro-TESE in 
patients with Sertoli cell-only in the biopsy range 
from 22.5 % [62] to 44.5 % [59], maturation 
arrest in 44 % [63] to 75 % [64]. Sperm retrieval 
rate was significantly higher in the hyposper- 
matogenesis group compared with that in SCOS 
and maturation arrest groups [65], with rates 
ranging from 81 % [66] to 100 % [63]. 
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17.1 Histological Characteristics 
of the Obstructive 


Mechanism Lesions 


Identification of an obstructive mechanism can 
be quickly done by comparing the number of 
adult spermatids by seminiferous tubule with the 
number of sperm per ml, according to a power 
curve [1]. This allows not only to state that the 
azoospermia is obstructive but to identify a sig- 
nificant number of patients with obstructive oli- 
gozoospermias. For a more complete assessment 
of the degree of damage to the seminiferous epi- 
thelium, a qualitative and quantitative study of all 
cross tubular sections of the sample is required. 


17.1.1 Qualitative Data 


Seminiferous epithelium lesions vary from one area 
to another in the biopsy, adopting a mosaic pattern 
that correlates with a different involvement of the 
adjoining lobules. In some cases, it is possible to see 
a lobule that shows a sequence of images ranging 
from slightly dilated tubes with normal spermato- 
genesis to small tubes with seminiferous epithelium 
formed by Sertoli cells and some spermatogonia 
and dilated tubes exhibiting different lesions of the 
seminiferous epithelium. Two or more of the fol- 
lowing findings are always present [2]: 


e Ductal ectasia. The tubular diameter, the tubular 
lumen, and the number of tubular diverticula are 
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increased. The seminiferous tubules are fre- 
quently larger than 200 microns in diameter. The 
tubular lumen, which normally does not exceed 
the height of the seminiferous epithelium, can be 
two to three times higher (Figs. 17.1 and 17.2). 
The tubular diverticula are not only more numer- 
ous but their size is larger [3] (Fig. 17.3). 

e The seminiferous epithelium of some seminif- 
erous tubules is irregular in height, which 
presents a serrated appearance as a result of 
the separation in the adluminal compartment 
of Sertoli cell cytoplasm (Fig. 17.4). 

e In many tubules the inner contour of the 
seminiferous epithelium of the dilated 
tubules is linear, which highlights the appo- 
sition of an eosinophilic PAS-slightly posi- 
tive material. 

e A higher number of adult spermatids (Sc + Sd) 
than young spermatids (Sa + Sb) or seminifer- 
ous tubules with varying degrees of atrophy 
and a large number of spermatozoa in their 
lumen (microspermatoceles) [4] (Fig. 17.5). 

e Vacuolization the apical pole of Sertoli cells. 

e Presence of lymphoid infiltrates around iso- 
lated atrophic tubes (Fig. 17.6). 


17.1.2 Quantitative Data 


It is confirmed that most of the lesions affect the 
adluminal compartment. Depending on the type 
of germ cell from which all others are reduced in 
number or sloughed in the lumen, the following 
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Fig. 17.1 Seminiferous 
tubules only differ from 
normal by the marked 
dilatation of the lumen. 
The height of the 
seminiferous epithelium 
and the different cell types 
are well preserved 


x = 
Sb. 


Ryne ben 


Fig.17.2 All 
seminiferous tubules show 
tubular ectasia. Five of 
them, probably part of the 
same lobule, show higher 
dilation of the lumen and 
atrophy of the 
seminiferous epithelium 
which is reduced to Sertoli 
cells and spermatogonia 


variants of testicular lesion with severity ranging 
from lower to higher are distinguished: young 
spermatid sloughing, late primary spermatocyte 
sloughing, early primary spermatocyte slough- 
ing, and hypospermatogenesis associated with 
primary spermatocyte sloughing. 


e Young spermatid sloughing. Seminiferous 
tubules have a normal number of spermatogonia 


(>17), primary spermatocytes (>25), and round 
spermatids (>30) and a marked reduction in the 
number of adult spermatids. In the wide tubular 
lumen, some round spermatids and elongated 
spermatids can be observed (Fig. 17.7). 

Late primary spermatocyte sloughing. 
Spermatogenesis usually progresses to first- 
order spermatocytes, whose number (most 
are in the pachytene stage) is also normal. 
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Fig. 17.3 A protrusion 
of a seminiferous tubule 
(diverticulum) stands out 
in the middle of the 
figure. Diverticulum wall 
is thin and lacks of 
several layers of myoid 
cells. The seminiferous 
epithelium is reduced to 
Sertoli cells and isolated 
spermatogonia 


Fig. 17.4 Serrated 
appearance of the inner 
contour of a seminiferous 
tubule showing dilated 
lumen. The separation of 
the apical pole of Sertoli 
cell cytoplasm allows to 
appreciate the germ cells 
dependent on each Sertoli 
cell 


Many spermatocytes degenerate without the lower limit of a normal number of primary 


completing meiosis and slough in the lumen. 
Consequently the number of young sperma- 
tids is lower than expected. The number of 
adult spermatids can be increased. 


e Early primary spermatocyte sloughing. Cell 


counts show a normal number of spermatogo- 
nia and a number of spermatocytes less than 
25 per tubular cross section, which represents 


spermatocytes. The seminiferous tubules may 
contain some spermatids or lack of them. 
Most first-order spermatocytes reach the 
pachytene stage before degenerating and 
sloughing. The histological pattern is similar 
to that observed experimentally after efferent 
duct ligation. It highlights the intense vacuol- 
ization of the apical pole of Sertoli cells as an 
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Fig.17.5 Adult per. 
spermatids accumulate in 
the lumen of a dilated 
seminiferous tubule 


ml 
4 
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Fig. 17.6 Focal lymphoid 
infiltrates around several 
small seminiferous tubules 
with seminiferous 
epithelium atrophy 


expression of the germinal loss and occasion- 
ally the presence of Sertoli cells with hyper- 
chromatic nuclei. 

Hypospermatogenesis associated with primary 
spermatocyte sloughing. This lesion is charac- 
terized by (a) a low number of spermatogonia 
and first-order spermatocytes, the number of 
spermatocytes being always higher than the 


number of spermatogonia and (b) a loss from 
degeneration of most of the spermatocytes, 
leading to isolated remaining spermatids. Of 
the three types of hypospermatogenesis associ- 
ated with primary spermatocyte sloughing 
described in the previous chapter about this 
topic, one has an obstructive pattern and signs 
of severe oligozoospermia and varicocele [5]. 


17.3 Factors Affecting the Development of Testicular Lesions 


Fig. 17.7 Seminiferous 
tube with plenty of germ 
cell sloughing. Although 
some primary 
spermatocytes are 
observed, most cells are 
young spermatids 


17.2 Mechanism of the Testicular 
Lesions 


The intimate mechanism by which an obstructive 
process of the spermatic ducts determines germ 
cell sloughing is not entirely known. The trigger 
of impaired spermatogenesis is the high hydro- 
static pressure caused by obstruction of the semi- 
niferous tubules. The fact that Sertoli cells are 
responsible for the maintenance of all germ cells 
in the adluminal compartment suggests that the 
Sertoli cells are the target cell. The latter under- 
goes major ultrastructural changes, especially in 
the apical pole [6-8]. 

Under normal conditions Sertoli cells carry 
fluids and different substances from the basal 
pole to the tubule lumen, and their secretory 
functions are regionalized. When the blockage of 
the spermatic ducts determines an increase in 
intraluminal pressure, the adluminal cytoplasm is 
selectively damaged, leaving the functions per- 
formed there blocked. Among these functions are 
those related to the adhesion between Sertoli 
cells and germ cells. Normally in the cytoplasm 
of Sertoli cells, there is an accumulation of actin 
filaments that are attached to the plasma mem- 
brane by an adhesive protein, vinculin. A defect 
in the vinculin synthesis or action alters inter- 


cellular adhesion and could release immature 
germ cells [9]. 


17.3 Factors Affecting 
the Development 
of Testicular Lesions 


The severity of lesions secondary to obstruction 
depends on three factors: location of the obstruc- 
tion, congenital or acquired nature of the obstruc- 
tion, and evolution time [10-12]. 


e Location of the obstruction: Distal obstruc- 
tions, defined as those affecting the ampulla 
deferens, the seminal vesicles, and the ejacula- 
tory ducts, cause just mild alterations in the 
testis and the epididymis. Proximal obstruc- 
tions, i.e., those affecting the vas deferens, the 
epididymis, or the epididymal-testicular union, 
in all cases cause more or less severe changes 
not only to the backward spermatic ducts but to 
the testicular parenchyma. 

¢ The nature of the obstruction also conditions 
the lesions. In congenital bilateral absence of 
the vas deferens (BAVD) (with or without cys- 
tic fibrosis), the increased hydrostatic pressure 
has been observed to be well tolerated. 
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Quantitative studies of testicular biopsies have 
shown that 42.8 % have a normal germ cell 
count. Twenty-one point 4 % of the testicles 
show late primary spermatocyte sloughing. 
This injury may be related to the fact that a 
number of patients associate a partial agenesis 
of the body and cauda epididymis with 
BAVD. Thirty-two point 14 % of the testes 
have lesions in the two compartments, basal 
and adluminal (mild hypospermatogenesis 
and hypospermatogenesis-associated primary 
spermatocyte sloughing). In the remaining 
cases, there are different associated patholo- 
gies such as tubular hyalinization, Sertoli cell- 
only, and spermatogenetic arrest. 


All vasectomized patients were observed to 
have qualitative alterations of the seminiferous 
epithelium with the presence of an obstructive 
pattern similar to those observed in experimental 
animals [13]. In the quantitative study, the germ 
cell count was normal in 29.1 %, and 70.8 % had 
primary spermatocytes sloughing. 

In blockages of the spermatic pathway second- 
ary to herniorrhaphy in childhood, quantitative 
studies showed that the germline depletion was 
even more important than that of patients. All tes- 
ticles had an adluminal compartment pathology 
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compared to 29.1 % of the testicles that were 
quantitatively normal in vasectomized patients. 
The largest number of lesions observed in this 
group can perhaps be correlated to a longer 
obstruction [14, 15] (Fig. 17.8). 

In obstructive azoospermias secondary to 
hydrocelectomy, it is more frequent to observe 
small seminiferous ducts, severe vacuolization of 
the apical pole of Sertoli cells, and early primary 
spermatocyte sloughing, i.e., lesions very similar 
to those experimentally observed by ligation of 
efferent ducts [16, 17]. The lesions are related to 
the damage able to suffer by the epididymis dur- 
ing hydrocelectomy. 

In our experience, when the etiology is inflam- 
matory, the most common testicular lesions are 
located in the adluminal compartment and are 
late primary spermatocyte sloughing (38.8 %) 
followed by early primary spermatocyte slough- 
ing (16, 6 %). In the remaining cases, there are 
lesions of both compartments with the presence 
of groups of hyalinized tubules. Late atrophy of 
the testis is a not uncommon complication of 
acute epididymitis. The cause, probably isch- 
emic, would lie in the compression of the testicu- 
lar blood vessels by an edematous epididymis, 
tension or constrictive funiculitis secondary to 
inflammatory involvement of the cord [18], or 
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Fig. 17.8 Late primary 
spermatocyte sloughing. 
Germ cell maturation 
arrest in first-order 
spermatocytes is seen 
most seminiferous 
tubules. Note a cluster of 
megalospermatocytes 
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development of thrombophlebitis or endoarteritis 
of the testicular vessels. 


e The time of evolution affects negatively all 
obstructions. The shorter the evolution time, 
the better the prognosis [11, 14]. In vasecto- 
mized patients, it has been said that the testic- 
ular changes are not so much in relation to the 
duration of the obstruction, as the initial insult 
until the intraductal pressure is balanced [19]. 
But as time passes, the chances of having a 
normal semen analysis when reanastomosis is 
performed decrease considerably [20]. 


17.4 Differential Diagnosis 
Between Obstructive 
Mechanism Lesions 
and Primary Testicular 
Lesions 


Oligozoospermia can be observed both in patients 
with AO and with NOA [21]. The first step is to 
identify whether there is an obstructive process 
because testicular lesions have different mecha- 
nisms, different prognoses, and different treat- 
ments [22]. The differentiation between the two 
processes is easy when the average number of 
adult spermatids per cross section of the seminif- 
erous tubules is compared with the sperm count in 
millions per milliliter using the power curve [1]. 

Once known whether or not an obstructive 
component exists, another problem arises. There 
are a number of lesions seen in obstructive azo- 
ospermia and oligozoospermias with some histo- 
logical resemblance to some lesions observed in 
the NOA. The most common problems arise 
when it comes to differentiating between sper- 
matids and spermatocyte sloughing observed in 
obstructive azoospermia and different signs of 
maturation arrest (spermatid arrest, spermato- 
cyte arrest, and between different types of 
hypospermatogenesis). 

Young spermatid sloughing versus spermatid 
arrest. The quantitative study shows that in both 
situations, the number of spermatogonia, primary 
spermatocytes, and round spermatids (Sa + Sb) is 
normal. They differ in the following: 
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e The elongated spermatids (Sc + Sd) are absent 
or very rare in the testes with spermatic arrest, 
and, although diminished in number, they are 
present in most tubules with young spermatid 
sloughing of the AO. 

e The round spermatids in the testes with sper- 
matic arrest often have large hyperchromatic 
nuclei and multinucleation. 


Late primary spermatocyte sloughing versus 
spermatocyte arrest. The basal compartment is 
normal in both of them. They differ in: 


e The number of primary spermatocytes of the 
testicles with spermatocyte arrest is very high 
as a result of abnormalities in meiosis, 
compared with a normal number in late pri- 
mary spermatocyte sloughing. 

e In the testis with spermatocyte arrest, sperma- 
tids are either not observed or very rare. In the 
testes with late primary spermatocyte slough- 
ing, the number of round spermatids may be 
slightly decreased, but it is accompanied by an 
increase in the number of spermatids (Sc + Sd) 
as a result of the blockage. 


Hypospermatogenesis associated with pri- 
mary spermatocyte sloughing versus spermato- 
gonial arrest. In both cases the tubules contain a 
low number of spermatogonia and spermato- 
cytes. While in spermatogonial arrest, the pres- 
ence of spermatocytes is rare; these are present in 
most hypospermatogenesis tubules associated 
with primary spermatocyte sloughing, and often 
their number is greater than that of spermatogo- 
nia. In the testes with spermatogonial arrest, no 
changes suggestive of an obstructive pattern are 
observed. 
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18.1 Numerical Chromosome 


Aberrations 
18.1.1 Klinefelter’s Syndrome 


Clinical Data 

Klinefelter’s syndrome (KS) is a clinical condition 
that starts by a primary testicular failure associated 
with a karyotype 47,XXY. Patients have small tes- 
ticles, azoospermia, eunuchoidism, gynecomastia, 
mental retardation, and increased serum gonado- 
tropin [1]. 

This syndrome is the most common genetic 
cause of infertility. Its prevalence is estimated 
at 1 in every 500-600 phenotypic males, 1 % 
of adults in institutions for mentally retarded 
patients, 3.4 % of infertile patients, 15 % 
of azoospermic males, 0.7 % of oligozoosper- 
mic patients [2], and 10 % of patients with 
NOA [3]. 

The karyotype in 85 % of KS is 47,XXY, 
and the remaining are mosaicisms, most of 
them with two cell lines 47,XXY and 46,XY 
[4]. The classic form is caused by a meiotic 
nondisjunction of X chromosome in meiotic 
cells of either parent (spermatocytes or ovo- 
cytes). Mosaicisms arise from either nondis- 
junction in a mitotic division of the zygote 
after fertilization or from loss of one of the X 
chromosomes of 47,XXY conception due to 
anaphase lagging [5]. 
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Histology 
During fetal life (studies in abortions between 18 
and 22 weeks), a loss of germ cells is detected 
[6]. During the first month of life, cell prolifera- 
tion and differentiation characteristics of the 
mini-puberty are not observed. Consequently, the 
enlargement of both testes, dependent on the 
Sertoli cells, and the establishment of an optimal 
number of Ad spermatogonia do not occur [7]. In 
adolescence the testicular size increases parallel 
to the activation of the hypothalamic-pituitary- 
testicular axis, but spermatogenesis only devel- 
ops in some tubes and not in all cases [8]. 
Alterations in virtually all cells and testicular 
structures have been reported in adulthood. Most 
seminiferous tubules become hyalinized and are 
transformed into phantom tubes. Those who 
remain may show Sertoli cell-only and, less fre- 
quently, spermatogenesis [9]. Most Sertoli cells 
are dysgenetic, lack expression of the androgen 
receptor [8], and are unable to produce normal 
amounts of inhibin B [10] and collagen type 
IV. Myoid peritubular cells are unable to form 
elastic fibers [11]. Leydig cells, despite taking an 
adenomatous aspect, have shown in quantitative 
studies that their number is not increased and testis 
testosterone production is low [12, 13] (Fig. 18.1). 
A focal spermatogenesis is present in about 
50 % of KS. Cytogenetic studies show 46,XY 
spermatogonia and spermatocytes. 47,XXY sper- 
matogonia could lose the extra X chromosome 
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Fig. 18.1 Klinefelter 
syndrome 

47,XXY. Nodular Leydig 
cell hyperplasia and 
diffuse tubular 
hyalinization with 
persistence of isolated 
Sertoli cell-only tubules is 
shown 


during mitosis, forming clones of spermatogonia 
46,XY, capable of a normal spermatogenesis [14]. 


Fertility Potential of KS Patients 

Two decades ago, 47,XXY patients were consid- 
ered sterile. Only 8 % of KS patients have sperm 
in the ejaculates. They have severe oligozoosper- 
mia with sperm concentration lower than 1 mil- 
lion/mL, with altered morphology and motility 
[15]. With the advancement of assisted reproduc- 
tion techniques, especially with the combined 
practice of micro-testicular sperm extraction 
(micro-TESE) and intracytoplasmic sperm injec- 
tion (ICSD, a significant number of patients are 
able to be biological fathers. 

The first case of high rates of fertilization with 
ICSI using sperm from patients with KS was 
published in 1995 by Harari [16]. Tournaye in 
1996 [17] achieved the first successful sperm 
recovery by TESE in a KS with azoospermia. 
Hinney [18] and Bourne [19] in 1997 achieved 
the first pregnancies with ejaculated sperm and 
ICSI. Palermo in 1998 [20] reported the first 
births after TESE combined with ICSI. Testicular 
biopsies performed during TESE show tubules 
with spermatogenesis form small groups isolated 
among other completely hyalinized tubules. 
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The pregnancy rates combining TESE with 
ICSI per embryo transfer vary from 27.25 % [21] 
to 50 % [22] and do not differ from those obtained 
in other patients with NOA. Of the 150 born chil- 
dren of KS patients, the risk of aneuploidy, if any, 
is very low, similar to the group of patients with 
NOA. Only one fetus of a triple pregnancy had the 
47,XXY karyotype. Sperm in KS come from sper- 
matogonia with a normal karyotype 46,XY [23]. 


Prediction Factors of Sperm Retrieval and 
Pregnancy 

The most studied clinical data are hormonal rates, 
patient age, history of cryptorchidism, testicular 
volume, previous hormone treatment, and sperm 
retrieval method used. 

Serum FSH rates, inhibin B and inhibin B/ 
FSH ratio, INSL3, estradiol and AMH, useful for 
predicting fertility in normal karyotype males, 
are of no use in patients with KS. Normal serum 
testosterone levels do have positive predictive 
value of sperm retrieval [24]. 

The patient’s age is one of the most impor- 
tant data. Since testicular lesions in KS patients 
are progressive, sperm extraction should be 
performed as early as possible [25]. There are 
patients who in just 2 years happen to go from 
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severe oligozoospermia to azoospermia. In nor- 
mal conditions, sperm can be found in the ejacu- 
lates of many adolescents aged 13 and in all 
15-year-old adolescents. Spermatogenesis qual- 
ity progressively improves until 17 years of age 
at which it is completely normal. Fifteen years 
of age could be established as the lower age 
limit. The preservation of fertility through 
sperm banking in mid-puberty is under study. 
Currently, a major problem is the frequent delay 
in the diagnosis of KS patients, usually post- 
poned until the couple consults for infertility. 
Thirty-five years old looks like a critical age for 
sperm extraction [26]. 

Patients with cryptorchidism have a worse 
prognosis, even if the testis has been descended 
early during childhood. 

The testicular volume generally reflects the 
histology and the testicular function. It might be 
a valuable datum, but it is difficult to assess, 
given the small size of many testes of patients 
with KS [26]. 

An important group of patients undergoes tes- 
tosterone treatment for their hypogonadism. It is 
recommended that treatment be interrupted for 
several months prior to testicular sperm extraction 
since it carries a risk of decreasing focal sper- 
matogenesis by lowering gonadotropins [27]. 
HCG treatment may be useful as it seeks to 
increase intra-testicular testosterone concentra- 
tion that would improve spermatogenesis. The 
best results are being achieved with the use of 
aromatase inhibitors [28]. 

The two methods used for sperm retrieval are 
TESE and micro-TESE. It is estimated that, as 
happens in other patients with NOA, the best 
results are achieved with micro-TESE. The rates 
of successful sperm recovery in two series con- 
firm this: 42 % by TESE and 57 % by micro- 
TESE [23], and 47 % by TESE and 61 % by 
micro-TESE [29]. One important thing worth 
being planned is that patients who have under- 
gone micro-TESE, probably due to iatrogenic 
injuries in the testicular parenchyma during 
sperm extraction, typically show severe decrease 
in testosterone levels that require a hormone sup- 
plementation treatment [30]. 
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Variants of the Klinefelter’s Syndrome 

In 46,X Y/47,XXY patients, azoospermia is only 
observed in 50 % of cases. The testicles are 
larger, and spermatogenesis is best preserved by 
the high number of spermatogonia with normal 
chromosomal constitution. 

Patients with 48,XXYY, 48,XXXY and 
49,XXXXY constitutions are rare, and their 
problem is not infertility, which is present in 
most cases, but multiple congenital malforma- 
tions, a variety of clinical symptoms, and the need 
for individualized therapy for their problems [31]. 


18.1.2 The XX Male Syndrome 


The XX-male syndrome was described by De la 
Chapelle in 1964 [32]. The combination of a 
normal male phenotype, male external genitalia, 
testicular differentiation of gonads, and 46,XX 
karyotype in the conventional cytogenetic anal- 
ysis is characteristic of these patients. In 80 % 
of patient fluorescence, in situ hybridization or 
molecular methods can show the presence of 
Y-chromosome translocated material onto the 
tip of one X chromosome [33]. Translocated 
DNA material containing the SRY gene is 
required to initiate testicular differentiation. 
The SRY translocation occurs during paternal 
meiosis [34]. Ten percent of the remaining 
patients may have 46,XX/47,XXY mosaicism, 
and in the remaining 10 %, autosomal genes 
would be involved. 

The prevalence of 46,XX males is estimated 
at 1:10,000—1:25,000 [35], representing 0.2 % of 
infertile patients. These patients differ clinically 
from KS patients in that they have normal intel- 
ligence, shorter height, and increased incidence 
of cryptorchidism. They have in common hyper- 
gonadotropic hypogonadism with gynecomastia, 
small testes, and azoospermia [36]. 

In adults the testicular biopsy can show from a 
pattern similar to the classic Klinefelter’s syndrome 
(diffuse tubular hyalinization and adenomatous 
hyperplasia of Leydig cells) to a Sertoli cell-only 
syndrome with varying degrees of tubular hyalin- 
ization (Fig. 18.2). Infertility is the rule [37]. 
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Fig. 18.2 46,XX patient 
who consulted for 
infertility. Seminiferous 
tubes of small diameter, no 
lumen, and scarce Sertoli 
cells with dysgenetic 
features are observed. 
Wide interstitium with 
Leydig cell hyperplasia 


18.1.3 The XYY Syndrome 


The XYY syndrome is an aneuploidy first 
reported in 1961 by SANDBERG in a phenotypi- 
cally normal man, father of a mongoloid child, to 
whom karyotyping was performed [38]. It is a 
relatively common syndrome with an incidence 
of 1 in 1000 live male births [39]. The extra Y 
chromosome appears by one of two mechanisms: 
(a) paternal nondisjunction at meiosis II after a 
normal chiasmate meiosis I (84 %) and (b) a 
post-zygotic mitotic error (16 %) [40]. 

Most patients are tall. The XYY syndrome is 
detected from 6 years. It is associated with mac- 
rocephaly, hypertelorism, hypotonia, and tremor. 
Asthma and dental problems are more common 
than in the general population. The patients’ 
weight increases with age with a trend toward 
central adiposity. The intellectual development is 
normal, and most people show no aggressive 
behavior [41]. The testicular size is normal in 
childhood, and most patients acquire a standard 
testicular size in puberty. 

Markers of testicular function in childhood 
(AMH and inhibin B) are normal in most 
patients. At puberty 5 % of them have low levels 
of inhibin and high levels of FSH, reflecting an 
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altered function of the Sertoli cells [42]. At 
puberty testosterone levels are normal except for 
isolated cases in which it is increased. Most 
patients have normal spermatogenesis. A small 
group of patients consult by oligozoospermia 
and NOA [43]. 

It has been suggested that the presence of an 
extra Y chromosome in the pachytene state is 
associated with a high degeneration of pachytene 
spermatocytes by apoptosis and a low rate of 
aneuploid spermatozoa. If the loss of supernu- 
merary Y chromosome occurs before meiosis, 
the spermatogenesis can be normal [44]. 

In histology normal spermatogenesis has been 
reported in some cases and a combination of dif- 
ferent lesions (normal spermatogenesis, matura- 
tion arrest of primary spermatocytes, and Sertoli 
cell-only tubules) in other cases [45]. 

Patients with 48,X YYY karyotype have a nor- 
mal phenotype, mild mental retardation, frequent 
infections of the upper respiratory tract, and azo- 
ospermia [46]. The testes show Sertoli cell-only 
tubules, basement membrane hyalinization, and 
Leydig cell hyperplasia. Patients with 49,X YY YY 
karyotype have a number of facial and skeletal 
abnormalities, mild mental retardation, antisocial 
behavior, and azoospermia [47]. 
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18.2 Structural Chromosome 
Aberrations 


18.2.1 Structural Aberrations 
of the Autosomes 


Structural aberrations of the autosomes that 
appear most often in infertile patients are 
Robertsonian translocations, reciprocal trans- 
locations, inversions, and small supernumerary 
marker chromosomes. Somatic chromosomal 
rearrangements are seen in infertile patients 10 
times more than in the general population [48]. 
The prevalence of autosomal balanced transloca- 
tions in infertile men is estimated at between 1.6 
and 6.6 % [49]. Most patients are likely fertile. 
Any carrier of any of these aberrations who 
wants to be a father should receive genetic 
counseling. 


Robertsonian Translocations 

They are observed in approximately 1:1000 new- 
born babies. The incidence in infertile patients is 
0.7 %. While this type of rearrangement is rare in 
azoospermic patients (0.09 %), the rate rises to 
1.6 % in the oligozoospermic ones. They are con- 
sidered the most common balanced structural 
chromosomal rearrangements. The most frequent 
balanced Robertsonian translocations are 13:14 
and 14:21, and the most frequent unbalanced one 
is 21:21. About 25.7 % of patients with 
Robertsonian translocations have sperm parame- 
ters within the normal ranges [50]. The histologi- 
cal pattern is not characteristic, ranging from 
severe impairment of spermatogenesis to about 
almost normal testis [51]. 


Reciprocal Translocations 

The incidence of reciprocal translocations in 
infertile patients is | % compared with 0.1 % in 
the general population. They are more common 
among azoospermic than among oligozoosper- 
mic patients [52]. Reciprocal translocations fre- 
quently are 11:22 [53] and 17:21 [54]. A 
histological pattern of Sertoli cell-only in patients 
with unbalanced chromosomal translocation has 
been observed [55]. 
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Inversions 

Inversions are structural chromosome abnor- 
malities that may be associated with infertility, 
multiple miscarriage, and chromosomally 
unbalanced offspring. The most common one 
is the pericentric inversion inv. (9) (p11q13), 
with an incidence of 1—4 % in the general pop- 
ulation. It is not considered relevant to the field 
of infertility [56]. Paracentric and pericentric 
inversions (excluding pericentric inversion of 
the heterochromatic region of chromosome 9) 
are eight times higher in the series of infertile 
patients (0.16 %) than in the general popula- 
tion (0.02 %) [57]. The chromosomes most 
often affected are 1, 5, 7, 9, and 21. The 
increased risk of infertility has been detected 
in patients with pericentric inversion of chro- 
mosome 1 [58]. 


Small Supernumerary Marker Chromosomes 
(SSMC) 

Small supernumerary marker chromosomes are 
structurally abnormal chromosomes that cannot 
be unambiguously identified by banding cyto- 
genetics. The incidence in infertile patients is 
0.125 %, while in the general population, it is 
0.043 % [59]. Seventy-two percent (SSMC) 
detected in infertile patients derived from an 
acrocentric chromosome. Infertility could be 
due to the partial trisomy of some genes but 
also to mechanical effects that perturb meiosis 
[60]. 


18.2.2 Structural Aberrations 
of the Sex Chromosomes 


Structural Abnormalities of Chromosome Y 
The following are included among the most fre- 
quent structural Y-chromosome abnormalities: 
monocentric deleted Yq-chromosomes, dicen- 
tric Yp-isochromosomes, ring Y chromosomes, 
Y/Y translocation chromosomes, translocation 
from Y chromosome to X chromosome, and 
autosomal translocation of Y chromosome. 
Other Y-chromosome structural anomalies are 
pericentric and paracentric inversions. 
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Monocentric Deleted Yq-Chromosomes 
Patients show only small testes and elevated 
serum FSH with normal rates of LH and testoster- 
one. The most common testicular lesion is Sertoli 
cell-only, consistent with the loss of AZF [61]. 


Dicentric Yp-Isochromosomes 

It is the most frequent structural abnormality of 
the Y chromosome. The karyotype is associated, 
in most cases, with 45,X0 cell line. The pheno- 
type can be male, female, or ambiguous genitalia. 
Patients with male phenotype are usually infer- 
tile. Testicular lesions are similar to those 
observed in monocentric Yq-chromosome 
patients, which consist of dysgenetic Sertoli cell- 
only with Leydig cell hyperplasia [62]. In those 
patients with mosaicisms, primary spermatocyte 
maturation arrest has been reported [63]. 


Ring Y Chromosomes 

The phenotype of these patients varies from 
ambiguous genitalia, hypospadias, and sexual 
infantilism to a normal male phenotype with 
azoospermia. Some patients have mosaicism 
with a 45,X0 line [64]. The testicular histologi- 
cal pattern is similar to that of dicentric 
Yp-isochromosomes patients. 


Y/Y Translocation Chromosomes 

Patients may show mosaicism with a 45,X0 cell 
line [65]. They have azoospermia and maturation 
arrest of primary spermatocytes. 


Translocation from Y Chromosome to X 
Chromosome 

Both in patients in which the translocation is non- 
visible in cytogenetical studies and in those with 
visible X-Y translocation, infertility is the rule. 
They are azoospermic patients. In the first ones, 
the phenotype is similar to patients 46,XX, and 
their testicular histology is a picture of Sertoli 
cell-only [66]. In the latter, the phenotype is rem- 
iniscent of KS, and the histology is diffuse hya- 
linization of the seminiferous tubules associated 
with Leydig cell hyperplasia. 


Autosomal Translocation of Y Chromosome 
Translocations of the Y-chromosome distal 


heterochromatic region to the short arm of an 
acrocentric chromosome are not infrequent. 
Patients may be fertile or infertile depending 
on the point of rupture. Their testicular histol- 
ogy is very varied, from Sertoli cell-only to 
testes with minimal alterations [67]. 


Structural Abnormalities of Chromosome X 
The following abnormalities are associated with 
infertility: translocation of the X chromosome to 
an autosome, distal duplication of Xp, inversions, 
and 47,XXX males. 

Patients with X chromosome translocation 
of autosomal are generally subfertile or infer- 
tile [68]. Patients 46,XY with distal duplica- 
tion of Xp can show female, male, or ambiguous 
phenotype regarding the genetic content of the 
duplicated segment [69]. Patients with male 
external genitalia have low testosterone levels 
associated with multiple congenital anomalies. 
Male patients with 47 XXX have a hypoplastic 
scrotum, small testes, gynecomastia and men- 
tal retardation, low rates of serum testosterone, 
and hyalinization of the seminiferous tubules 
[70]. 


18.3 Y-Chromosome 
Microdeletions 


Most patients with Y-chromosome microdele- 
tions have azoospermia or severe oligozoosper- 
mia. The Y chromosome plays an essential role 
in the genetic regulation of spermatogenesis 
[71]. The long arm of the Y chromosome con- 
tains three subregions located in intervals 5 and 
6 designated as AZFa, AZFb, and AZFc. The 
loss can be of the AZF entire region or only of 
one or two subregions. In most cases, it leads to 
infertility. 

The incidence of Y-chromosome microdele- 
tions varies by geographic region or ethnicity stud- 
ied. Itis generally estimated at 13—18 % of patients 
with idiopathic infertility, in 5-10 % of patients 
with azoospermia, and 2-5 % of the oligozoosper- 
mic patients. The incidence is much higher in sev- 
eral Asian countries [72] and in Iran [73]. 
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Fig. 18.3 Infertile patient 
with microdeletion of the 
AZFb subregion. The 
seminiferous tubules are 
lined only by Sertoli cells. 
The interstitium has diffuse 
Leydig cell hyperplasia 


Fig. 18.4 The 
seminiferous epithelium 
consists of Sertoli cells of 
elongated nuclei and high 
and eosinophilic 
cytoplasms. Diffuse 
Leydig cell hyperplasia 
(same case of the previous 
figure) 


Microdeletions oftheAZFaSubregion Represent 
5 % of the AZF deletions. Complete deletions 
occur in most cases; they have a histological 
pattern of Sertoli cell-only [74] and focal sper- 
matogenesis in the remaining cases. Partial 
microdeletions are rare, and the impact on sper- 
matogenesis is minimal [75]. 


Microdeletions of the AZFb Subregion Represent 
10-16 % of Y-chromosome microdeletions. 


When the deletion is complete, patients are azo- 
ospermic, and histologically they show either just 
Sertoli cells or maturation arrest [76]. They are 
exceptionally oligozoospermic [77]. When the 
deletion is incomplete, 50 % of patients have 
sperm in the ejaculates [77] (Figs. 18.3 and 18.4). 


Microdeletions of the AZFc Subregion Represent 
80 % of all deletions of AZF [78]. When the dele- 
tion is complete, 50 % of patients are oligozoosper- 
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Fig. 18.5 Infertile patient 
with microdeletion of the 
AZFc subregion. 
Variegated histological 
pattern by the presence of 
hyalinized seminiferous 
tubules, dysgenetic Sertoli 
cell-only tubules, and 
focal Leydig cell 
hyperplasia 


Fig. 18.6 Seminiferous 
tubes with Sertoli 
cell-only. In the central 
tubule, the high number of 
Sertoli cells, the sphericity 
of the nuclei, and the 
absence of lumen can be 
appreciated (same case of 
the previous figure) 


mic. In half of the remaining cases (azoospermic 
patients), sperm can be extracted with TESE [79] 
(Figs. 18.5, 18.6, and 18.7). 


Testicular damage is in relation with lost cop- 
ies of DAZ (deleted in azoospermia). DAZ1/ 
DAZ2 deletion is associated with incomplete 
maturation arrest of primary spermatocytes [80], 
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maturation arrest of spermatids [81], or mixed 
atrophy [82], while DAZ3/DAZ4 deletion can be 
observed both in fertile and infertile patients. 
Partial deletions that remove only part of the sub- 
region AZFc known as “gr/gr deletion rearrange- 
ments” may also cause subfertility. They were 
observed in 3.9 % of controls and in 6.8 % of 
infertile patients [83]. 
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19.1 The Male Reproductive Axis 

The male reproductive axis starts with GnRH neu- 
rons. They are cells that are present in the olfactory 
placode in 6-week-old fetuses. They migrate with 
olfactory axons and vessels through the cribriform 
plate to the brain where they arrive at weeks 9-10. 
On reaching the hypothalamus, GnRH neurons 
detach from their axonal guides and distribute in 
the medial basal hypothalamus and the arcuate 
nucleus. At the end of fetal life, their axons project 
to the median eminence, and their secretion is 
released into the hypophyseal portal system. 
Decapeptide GnRH acts through a specific recep- 
tor for gonadotropic cells of the anterior pituitary, 
and these cells control the synthesis and release of 
the follicle-stimulating hormone (FSH) and the 
luteinizing hormone (LH) [1]. 

The following genes, among other, are involved 
in the migration of GnRH neurons: Genes encod- 
ing fibroblast growth factor 8 (FGFS) signaling 
pathway proteins, chromodomain helicase DNA- 
binding protein 7 (CHD7), and sex-determining 
region Y Box 10 (SOX10) affect the neurogenic 
niche in the nasal area and craniofacial develop- 
ment. The migration of GnRH neurons is also 
influenced by Kallmann syndrome protein (anos- 
min 1 encoded by ANOS1), prokineticin-2 and 
prokineticin receptor 2 (encoded by PROK2 and 
PROKR2, respectively), WD repeat domain 11 
(encoded by WDR/1), semaphorin 3A (encoded 
by SEMA3A), and FEZ family zinc finger 1 
(encoded by FEZF) [2, 3]. 
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Among the afferents receiving GnRH neu- 
rons, kisspeptin-producing neurons, the inacti- 
vating mutations in the genes encoding 
kisspeptin-1 (K/SS/), and its receptor (KISS/R) 
that halt pubertal development can be found. 
The same applies to mutations in TAC3 (encod- 
ing tachykinin-3) and TACR3 (encoding tachy- 
kinin receptor 3). Modulation of the GnRH 
secretion is also dependent on genes encoding 
leptin (LEP) or its receptor (LEPR). Patients 
with inactivating mutations of these genes have 
no pubertal development, and they have hypo- 
gonadotropic hypogonadism. 

Pubertal development begins with the activa- 
tion of the pulsatile secretion of GnRH. This dis- 
charge produces an LH elevation that stimulates 
differentiation of Leydig cells and testosterone 
secretion. FSH stimulates the first proliferation 
of the Sertoli cells and then, along with other fac- 
tors, their maturation. As puberty progresses, the 
levels of inhibin B increase and AMH decrease. 
Parallel to the Sertoli cell maturation, prolifera- 
tion of germ cells occurs. 


19.2 Classification 
of Hypogonadotropic 
Hypogonadism 


Hypogonadotropic hypogonadism can be classi- 
fied in (1) congenital hypogonadotropic hypogo- 
nadism (CHH) and (2) acquired hypogonadotropic 
hypogonadism (AHH). 
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CHH is caused by a deficiency in GnRH pro- 
duction, secretion, or action. Depending on the 
severity of the deficit, it may appear during the 
neonatal period or in childhood, puberty as 
delayed puberty, or in adulthood as a lack of 
gonadal development and infertility. It can 
appear as isolated GnRH or associated with 
anosmia or hyposmia; in the latter case, the CHH 
is termed Kallmann’s syndrome. Other associ- 
ated anomalies may be cleft lip or palate, dental 
agenesis, ear anomalies, congenital hearing 
impairment, renal agenesis, bimanual synkine- 
sis, and skeletal anomalies. 

AHH can be caused by acquired lesions such 
as intrasellar and extrasellar tumors such as 
astrocytoma, craniopharyngioma, germinoma, 
and glioma and also, systemic diseases such as 
hemochromatosis, sarcoidosis and histiocytosis 
X, infections, vascular disorders, head injuries, 
hypophysitis, syndrome of the empty sella, brain 
irradiation, and hydrocephalus. Other causes are 
functional: drugs (e.g., sex steroids and 
gonadotropin-releasing hormone analogues), 
exhausting exercise, excessive alcohol con- 
sumption or illicit drug intake, fasting, and seri- 
ous illnesses such as sepsis and severe stress. 
Finally, chronic diseases such as liver diseases, 
celiac disease, inflammatory bowel disease, 
beta thalassemia, Cushing’s syndrome, obesity, 
and hypothyroidism can also cause AHH [4]. 


19.2.1 Congenital 
Hypogonadotropic 
Hypogonadism (CHH) 


Most CHH cases are sporadic. One third of them 
constitute a familial pattern. Cases with autosomal- 
recessive, dominant, or X chromosome-linked 
recessive as well as oligogenic forms of inheri- 
tance have been reported [5]. 


Neonatal and Childhood CHH Should be sus- 
pected in children with small testes (FSH deficit), 
undescended testes (androgen and INSL3 insuf- 
ficiency secondary to LH defect), and micropenis 
(hypoandrogenism secondary to LH defect). A 
family history of anosmia or hyposmia and mal- 


formations in the cerebral pituitary and hypotha- 
lamic regions reinforces the diagnosis. The 
absence of increase of FSH, LH, and testosterone 
levels during minipuberty (around 2—3 months) 
and the absence of LH elevation in an intrave- 
nous GnRH test complete the diagnosis [6, 7]. 
The neonatal hypotonia and the developmental 
delay are characteristic of the Prader-Willi syn- 
drome [8, 9]. The association with primary adre- 
nal failure is characteristic of congenital adrenal 
hypoplasia due to DAX/ mutation [10]. 


In Adolescence Patients with CHH lack puber- 
tal activation of the hypothalamus-pituitary- 
gonadal axis (HPG). They do not experience 
testicular enlargement at the age of 14. In most 
patients, puberty never occurs (absent puberty), 
and less commonly puberty starts but is not fully 
developed (partial puberty). Adolescents with 
CHH exhibit a steady linear growth and thus 
lack the growth spurts. They have delayed 
epiphysis closure and eunuchoid proportions. 
Patients consult for absent or minimal viriliza- 
tion, low libido, and lack of sexual function. 
The differential diagnosis during adolescence 
has to be made through constitutional delay of 
growth and puberty (CDGP). This is favored by 
the association with short height, low growth 
rate, and delayed skeletal maturation. The pres- 
ence of cryptorchidism, micropenis, poor sense 
of smell, and cleft lip/palate, suggesting a 
Kallmann’s syndrome, oppose the CDGP diag- 
nosis. GnRH testing in combination with a 
3-day and 19-day hCG test may help the differ- 
ential diagnosis [11]. 


Idiopathic Hypogonadotropic Hypogonadism 
There are three clinical variants: hypogonado- 
tropic hypogonadism with anosmia or Kallmann’s 
syndrome, idiopathic normosmic hypogonado- 
tropic hypogonadism, and hypogonadotropic 
hypogonadism by LH deficit or fertile eunuch 
syndrome [12]. 


Hypogonadotropic Hypogonadism with Anosmia 
It is also known as Kallmann’s syndrome [13]. 
This syndrome results from mutations in the genes 
involved in the development and migration of 
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GnRH neurons from the olfactory placode to the 
hypothalamus. The deficit of GnRH production is 
associated with hypoplasia or aplasia of the olfac- 
tory bulbs. The genes most frequently involved 
are KALI, FGF8 and its receptor FGFRI, PROK2 
and its receptor PROKR2, CHD7, NELF, HS6ST1, 
WDRI1I, SEMASA [2]. It represents about two 
thirds of all idiopathic hypogonadotropic hypogo- 
nadisms. The first case was described by Maestre 
de San Juan in 1856 [14]. 

In childhood and puberty, the most important 
data to make us suspect a diagnosis of Kallmann’s 
syndrome are anosmia or hyposmia, hypoplasia 
of the penis and cryptorchidism, as well as hear- 
ing loss, renal agenesis, and/or synkinesis [15]. 
The diagnosis is confirmed by the absence of 
olfactory bulbs and olfactory tract on nuclear 
magnetic resonance. 


Normosmic Isolated Hypogonadotropic 
Hypogonadism (NIHH) It is caused by a defect 
in the genes involved in the regulation and func- 
tion of GnRH neurons via kisspeptin, neurokinin, 
or leptin signaling or their respective receptors. 
GnRHR gene mutations are responsible for an 
impaired pituitary response to GnRH. The secre- 
tion of FSH and LH is affected in all cases except 
by deficits in the neurokinin system. 


Fig. 19.1 
Hypogonadotropic 
hypogonadism due to LH 
congenital deficit. The 
seminiferous tubules show 
advanced pubertal 
development with poor 
spermatogenesis. The 
interstitium lacks Leydig 
cells 


165 


Isolated LH Deficit The patients with LH defi- 
ciency and normal or higher serum FSH levels 
are the consequence of mutations in the LHb 
gene, encoding the b subunit of LH, and neuroki- 
nin system defects responsible for the regulation 
of GnRH pulses. From the clinical viewpoint, 
micropenis and cryptorchidism can observed, as 
a consequence of the fetal hypoandrogenism dur- 
ing the second and third quarters. The testicular 
volume in the newborn baby and in childhood 
remains preserved given normal FSH secretion. 
Hypoandrogenism signs are observed in the 
adult, such as the presence of eunuchoid propor- 
tions. The testes can reach a normal size and pro- 
duce sperm (Fig. 19.1). This situation is also 
known by the name of fertile eunuch syndrome. 


CHH Histology 


The testicular morphology is different depending 
on the severity of the GnRH defect and the pres- 
ence or absence of cryptorchidism. We can dis- 
tinguish various patterns. 


(a) Incomplete and delayed childhood testicular 
development when compared even in child- 
hood with children of their own age. The aver- 
age tubular diameter is decreased (<60 
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microns), the number of Sertoli cells by tubular 
section is low (14-16), and there is a decrease 
of spermatogonia, while there are tubular sec- 
tions devoid of all germ cells [16, 17]. The 
number of Ad spermatogonia is low or they are 
absent. The tubular wall is slightly thickened 
(Fig. 19.2). This is observed in patients with 
absence of minipuberty, small testes, or a his- 
tory of cryptorchidism (GnRH serious defects). 
Infantile testes. The development is similar 
to that of a child of 4-5 years. The tubular 
diameter is 60-80 microns, the number of 
Sertoli cells by tubular section is 16-18, and 
spermatogonia are observed in all the tubular 
sections including Ad spermatogonia [18-— 
20]. It is observed in patients with a defect in 
GnRH with undescended testes and absence 
of micropenis with normal testes for the age 
during childhood or over 4 ml in adults. 

Pubertal and adult testes. In adult patients 
with testicular sizes above 4 ml, it can be 
seen from the beginning of the pubertal 
development to full spermatogenesis. In the 
first case, an increased number of Sertoli 
cells by tubular section (18-20) stands out. 
Sertoli cells still show no signs of pubertal 
maturation. The tubular diameter varies from 
80 to 100 microns. The presence of several 
spermatogonia per tubular section, and even 


(b 


wm 


(c 


Near 


Fig. 19.2 Congenital 
hypogonadotropic 
hypogonadism. Child with 
Prader-Willi syndrome. 
Seminiferous tubes with 
small diameter, absence of 
germ cells, and wide 
interstitium 
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isolated first-order spermatocytes, is a sign of 
the onset of puberty. In the second case, there 
is a dissociation of the tubular development 
that presents complete maturation of the 
Sertoli cells, tubular lumen and complete but 
quantitatively very poor spermatogenesis, 
and an interstitium devoid of Leydig cells 
(Fig. 19.3). The image is characteristic of a 
fertile eunuch patient [21]. 


19.2.2 Acquired Hypogonadotropic 
Hypogonadism (AHH) 


In recent decades, there has been an increase of 
hypogonadism among the population of adult 
patients. Three to eight percent of adults between 
20 and 45 years have hypogonadism. The preva- 
lence of hypogonadism in men over 45 years in the 
USA is estimated at 13.8 million [22]. Acquired 
hypogonadism hypogonadism is very common in 
pathology of other glands and chronic diseases. 
This type of hypogonadism is not included in this 
text. The most disturbing causes nowadays are: 


(a) Exogenous testosterone supplementation ther- 
apy to combat symptoms of hypogonadism 
such as decreased libido, erectile dysfunction, 
fatigue, and depression. 
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Fig. 19.3 
Hypogonadotropic 
hypogonadism due to 
GnRh congenital deficit in 
18-year-old patient. The 
seminiferous tubules show 
infantile development. 
Spermatogonia in all 
tubular sections are 
observed although there 
are no signs of maturation. 
The interstitium lacks 
Leydig cells and shows an 
important collagenization 


(b) Use of anabolic steroids in the USA is esti- 
mated at 1-3 million of individuals, mostly 
young athletes. Not less than 6.6 % of high 
school seniors use or have used them [23]. 


In healthy adult males, GnRH leads to the 
release of LH from the anterior pituitary, which 
then stimulates Leydig cells in the testes to pro- 
duce testosterone. As testosterone levels increase, 
negative feedback occurs on both the hypothala- 
mus and the anterior pituitary. Exogenous testos- 
terone use, therefore, results in both impaired 
endocrine regulation of GnRH and LH release and 
subsequent decrease of endogenous testosterone. 

The use of testosterone supplementation in 
reproductive age males leads to the atrophy of the 
seminiferous epithelium, suppressing spermato- 
genesis and reaching azoospermia after 10 weeks 
of use [24]. 


Histology In pediatric patients with space- 
occupying or destructive lesions of the 
hypothalamic-pituitary axis or chronic diseases, 
the testes are small. The seminiferous tubules can 
be reduced to large epithelial cords with an 
important thickening of the tubular wall and 
decreased number of Sertoli cells. Sertoli cells 


show spherical hyperchromatic nuclei and scant 
cytoplasm. The interstitium, which may seem 
enlarged, lacks Leydig cells [25] (Fig. 19.4). 

Adult patients who develop pituitary or hypo- 
thalamic lesions present an involution of the adult 
testicular development, which can even lead to 
the disappearance of spermatogenesis, involution 
of differentiation of Sertoli cells, hyalinization of 
the tubular wall, and disappearance of Leydig 
cells. The seminiferous tubules with this form of 
atrophy still show elastic fibers as an expression 
of the adult development they had previously had 
(Fig. 19.5). 

In patients with exogenous testosterone sup- 
plementation therapy or who use anabolic ste- 
roids and consult for infertility, the lesions are 
less severe as they do not cause the disappearance 
of the germ cells. 


19.3 Fertility Predictor Data 


There are a lot of clinical, hormonal, and histo- 
logical data that enable to predict the testicular 
behavior before hypogonadism is treated, in 
order to inform the couple of the possibility of 
being fertile. 
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Fig. 19.4 Acquired 
hypogonadotropic 
hypogonadism in a patient 
of 17-year-old patient with 
craniopharyngioma. There 
is absence of maturation in 
both the seminiferous 
tubules and interstitium 


Fig. 19.5 Acquired 
hypogonadotropic 
hypogonadism. Tubular 
and interstitial atrophy in a 
patient with chronic 
disease 


Clinical Data In CHH the following findings 
are considered important: 


life. Gonadotropin, testosterone, and inhibin 
levels increase to pubertal or adult rates at 
3 months of age. This activation of the HPG 


— The presence of testicular maldescent is asso- axis is important to increase the mitotic activity 


ciated with an unfavorable prognosis for 
fertility. 

The absence of minipuberty. Minipuberty is a 
window of time in life of great importance for 
future fertility, as the HPG axis is transiently 
activated during the first months of postnatal 


of Sertoli cells and germ cells and the increase 
in length of the seminiferous tubules [26]. 
Low inhibin B levels <30 pg/ml, which is in 
fact related to the number of Sertoli cells. 
Absence of pubertal development. Patients 
with absent pubertal development have poorer 
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fertility outcomes [27]. 

— Prior androgen treatment in adolescence 
before treatment with gonadotropins in the 
adult to establish fertility. 

— Patients with X-linked form of CHH with the 
KALI mutation are less responsive to 
treatment. 


Histopathological Data The testicular volume. 

Approximately 90 % of the testicular volume 

depends on the seminiferous tubules. In child- 

hood the diameter of the seminiferous tubules 
depends primarily on the number of Sertoli cells 
and the length of the seminiferous tubules. The 
undescended testicles are generally smaller in 
size [28]. Low testicular volumes are signs of 

poor prognosis [29]. 

— The undescended testicles have a decreased 
germ cell number, which can be associated or 
not to reduced Sertoli cells. Decreased Ad 
spermatogonia are also a sign of poor prog- 
nosis [30]. 


19.4 Treatment Methods 


In childhood, testicles should be descended 
between 6 and 12 months of age. Micropenis can 
be corrected with short-term low-dose testoster- 
one or FSH and LH if there is evidence of 
absence of minipuberty. The induction of male 
sexual characteristics can be achieved with the 
administration of testosterone. The dose and 
time of administration varies according to the 
age of the patients — it will be higher in older 
adolescents or following some physiological 
steps that start with FSH administration that 
stimulates Sertoli cells proliferation, inhibin B 
synthesis and testicular enlargement, followed 
by administration of hCG. 

In adulthood we have to know if what we want 
is solely to reach sexual development or we wish 
to achieve further fertility. Classically, in patients 
with testes >4 ml without a history of cryptorchi- 
dism, and in patients with the fertile eunuch syn- 
drome, spermatogenesis can be induced with 
only hCG. If there are no sperm in the ejaculates, 
Sertoli cells are stimulated with FSH [3]. When 
the testicular volume is <4 ml, the treatment is 


169 


either pulsatile GnRH or combined gonadotropin 
therapy (hCG + FSH) [4, 31]. 

Treatment with GnRH has provided new data 
illuminating CHH related to clinical and histologi- 
cal data. Patients with IHH receiving long-term 
GnRH normalize FSH and LH levels and serum 
testosterone levels and show sperm in the ejacu- 
lates in 74 %. Twenty-six percent of them consist 
of patients with three types of different answers: 

Patients with the “triple defect”: GnRH defi- 
ciency, pituitary resistance, and testicular failure 
(11 %). These are patients who remain with 
hypogonadotropic hypogonadism (low/normal 
LH/FSH and testosterone less than 200 ng/dl) 
and azoospermia: 


(a) Patients with the “dual defect,’ GnRH defi- 
ciency, and testicular resistance (9.5 %) are 
patients with high levels of FSH and normal 
LH and testosterone levels with sperm in the 
ejaculates. 

(b) Patients with the “dual defect,’ GnRH defi- 
ciency, and azoospermia (5.5 %). Patients 
acquire normal hormone serum levels but 
remain with azoospermia [5]. 

(c) Adult patients of childbearing age receiving 
testosterone supplementation benefit from 
the hCG therapy in that it not only maintains 
optimum intratesticular levels of testosterone 
but prevents damage to the seminiferous 
tubules. Azoospermia can also be prevented 
by testosterone treatment associating selec- 
tive estrogen receptor modulators such as 
clomiphene citrate [32]. 
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20.1 Introduction 

For fertilization to take place, the spermato- 
zoa have to undergo a series of events orderly 
in time including capacitation, the demonstra- 
tion of hyperactivated mobility, acrosome 
reaction, penetration of the zona pellucida, 
and fusion with the vitelline membrane of the 
oocyte. Only morphologically and function- 
ally normal spermatozoa are able to carry out 
this task. In the era of assisted reproduction, 
there are a number of situations where it is 
necessary to investigate the cause of male 
infertility through an ultrastructural study of 
the spermatozoa. The field that requires spe- 
cial attention is that of teratozoospermias 
(presence of a high percentage of abnormal 
spermatozoa in the semen) with a systematic 
and homogenous defect in most spermatozoa 
and when the phenotype has a familiar appear- 
ance [1]. 


20.2 Microcephalic Spermatozoa 
Microcephalic spermatozoa can be of two types, 
round head (globozoospermia or spermatozoa 


without acrosome) or irregular head (spermato- 
zoa acrosome hypoplasia). 
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20.2.1 Globozoospermia: Round- 
Headed Spermatozoa 
Syndrome 


It is a term that refers to the presence of round- 
headed spermatozoa. The percentage of round- 
headed spermatozoa in fertile men is 0.5 % + 0.1, 
rising to 2.3 % + 0.5 in subfertile men [2]. When 
most or all spermatozoa present with this anom- 
aly, this is a rare congenital disorder whose fre- 
quency is estimated at 0.1 % of all andrological 
patients [3]. These spermatozoa are characterized 
by the following anomalies: spherical nuclei, low 
chromatin condensation, failure in histones by 
protamine replacement, absence of acrosome, 
absence of postacrosomal sheath, and the nuclear 
ring (Fig. 20.1). Other abnormalities that can be 
seen are an abnormal midpiece (mitochondrial 
disorders) and abnormalities in the nuclear mem- 
brane [4-6]. Some patients suffer from complete 
globozoospermia and some from partial globo- 
zoospermia (20-90 % of the spermatozoa having 
round heads) [7]. The syncytia of adult sperma- 
tids with spherical nuclei can be observed in the 
testicular biopsy, and there may be at least two to 
dozen nuclei (Figs. 20.2 and 20.3). 

Most cases are sporadic, but several pairs of 
brothers with this syndrome are known [8-10]. 
Different patterns of inheritance have been 
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Fig. 20.1 
Globozoospermia. 
Microcephalic 
spermatozoa with spherical 
nuclei, poorly condensed 
chromatin, central vacuole 
and absence of acrosome 
(electron microscopy) 


Fig. 20.2 
Globozoospermia. In the 
apical part of the 
seminiferous epithelium, 
more than two dozen of 
adult spermatids with 
spherical, small, and 
hyperchromatic nuclei can 
be seen 


suggested: polygenic, X-linked, autosomal 
dominant, and autosomal recessive. The genetic 
defect responsible for most cases is a 200 Kb 
homozygous deletion of DPY19L2 (12q14.2) 
[11]. DPY19L2 is a transmembrane protein 
located in the inner nuclear membrane; it is nec- 
essary to anchor the acrosome to the nucleus. 
The absence of the protein leads to the destabi- 
lization of both the nuclear dense lamina and the 
junction between the acroplaxome and the 
nuclear envelope. As a result, the acrosome 
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and the manchette fail to be linked to the 
nucleus, which leads to the disruption of vesic- 
ular trafficking, failure in nuclear elongation, 
and unbound acrosomal vesicle. The precursor 
structures of acrosome or the acrosome itself 
remain in the cytoplasm of the spermatid and 
will be phagocytized by the Sertoli cell. Other 
cases are associated with homozygous missense 
PICK] (protein interacting with C kinase 1) 
mutation or mutation in a testes-specific gene 
SPATA16 (spermatogenesis associated 16) [12]. 
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Fig. 20.3 
Globozoospermia. Most 
adult spermatids have 
small spherical nuclei. 
Several of them share the 
same cytoplasm 


The number and mobility of round-headed 
spermatozoa may be normal, but they are not able 
to penetrate the zona pellucida or merge with the 
oolemma, and therefore they are unable to fertil- 
ize the oocyte. This fact is due to total or partial 
lack of acrosin [13, 14]. The acrosin is a neutral 
protein located in the acrosome of spermatozoa 
in an inactive form (proacrosin). During the 
acrosome-releasing reaction, the proacrosin 
becomes acrosin. This acrosin released by exocy- 
tosis on the surface of the zona pellucida triggers 
an interaction spermatozoa-zona which results in 
the exposure or activation of the binding sites to 
the egg surface over the postacrosomal head 
region. ICSI [15] with assisted oocyte activation 
by calcium ionophore enables a large number of 
patients to achieve paternity [16, 17]. 


20.2.2 Microcephalic Spermatozoa 
with Acrosome Hypoplasia 


The microcephalic spermatozoa with acrosome 
hypoplasia have an irregular and usually small 
head, and an acrosome separated form the nucleus. 
Spermatozoa often have excess cytoplasm around 
the nucleus [18]. In some cases, the anomaly is 
congenital. A similar acrosome anomaly has been 
reported in patients with Aarskog syndrome [19]. 


20.3 Macrocephalic Head 
Spermatozoa Syndrome: 
Large-Headed Spermatozoa 


The macrocephalic spermatozoa, also known as 
macronuclear spermatozoa, are characterized by 
large heads of irregular nuclear contours, defects 
in the chromatin condensation, and giant cytoplas- 
mic vacuoles and cytoplasmic remnants. They are 
also carriers of acrosomal abnormalities such as 
the presence of vacuoles, hypertrophy or hypopla- 
sia, abnormal configuration, and often increased 
subacrosomal space and absence of postacrosomal 
sheath. Two variants of macrocephalic spermato- 
zoa have been described: spermatozoa with multi- 
ple flagella and spermatozoa without flagellum. 


20.3.1 Spermatozoa with Multiple 
Flagella 


This is a rare cause of infertility (prevalence esti- 
mated at <1 % in the subfertile population) gen- 
erally associated to oligozoospermia <2 million/ 
ml [20]. Over a large and irregular nucleus, sev- 
eral flagella with different orientations are 
implanted. They have frequent anomalies in the 
intermediate and the principal piece, which con- 
tributes to poor mobility of these spermatozoa. 
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Fig. 20.4 Section at 
intermediate piece level of 
a spermatozoon showing 
cross sections of three 
flagella and part of a 
fourth one. Note the 
absence of the central pair 
and malformation of the 
mitochondrial sheath 
(electron microscopy) 


The number of flagella is variable, but spermato- 
zoa with three and four flagella are frequent, and 
those that show five flagella are unexceptional 
(Fig. 20.4). The flagella are separated sometimes 
at the end of the intermediate piece, and the rest 
remain together along the main piece. 

The macrocephalic spermatozoa are tetraploid 
and represent a failure of meiosis [21]. They origi- 
nate from first-order spermatocytes with a blockage 
of organelle displacement at the pachytene stage, 
which disables the assembly of a bipolar meiotic 
spindle [22]. The irregular shape of the core is prob- 
ably related to irregular and unilateral disposition of 
the microtubular manchette. Most patients display 
homozygous truncating mutation in the aurora 
kinase gene (AURKC), which is known to play a 
crucial role in meiotic chromosomal segregation 
and cytokinesis [23]. It occurs exclusively in people 
of North African ancestry [24, 25]. Only one case of 
macrocephalic spermatozoa without mutations in 
the AURKC gene is known [26]. When the defect is 
not complete, paternity with normal-looking sper- 
matozoa can be achieved [27]. 


20.3.2 Macrocephalic Spermatozoa 
Without Flagella 


They present in the nucleus with the same mor- 
phological abnormalities as multiflagellated 
spermatozoa. 
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20.4 Abnormal Head-Tail 
Attachment 


The connecting piece ensures the connection of 
the flagellum to the nucleus. It is formed by the 
implantation fossa (a concavity of the nucleus in 
the area opposite the acrosome) at which level 
the nuclear membrane lacks pores and the basal 
plaque or capitellum that adapts to the pit 
implantation. It is also constituted by a series of 
nine columns (segmented columns) extending 
caudally to a distance of 1-5 microns. These 
columns are followed in its caudal end by nine 
dense fibers. Inside the connecting piece and 
immediately distal to the basal plaque lays the 
proximal centriole transversely oriented, and 
the distal centriole is aligned inside the seg- 
mented columns. The distal centriole may be 
partially or totally absent in the spermatozoa. 
Alterations in the connecting piece can lead to 
separation of heads and flagella [28, 29]. 
Depending on the severity of the lesion, the 
seminogram can display these situations: (a) the 
presence of flagella only. The heads have been 
phagocytized by Sertoli cells or by macrophages 
in the epididymis. These spermatozoa are 
known as acephalic spermatozoa [30]; (b) the 
presence of spermatozoa with a strangulation at 
connecting piece level [28] (Fig. 20.5); (c) the 
presence of heads and flagella separately; and 


20.4 Abnormal Head-Tail Attachment 


Fig. 20.5 Seminiferous 
epithelium showing 
marked reduction in all 
germ cell types. 
Spermatids show a 
strangulation at connecting 
piece level 


(d) “normal” spermatozoa that resulted decapi- 
tated when subjected to minimal micromanipu- 
lation for ICSI [31]. 


20.4.1 Decapitated Spermatozoa/ 
Acephalic Spermatozoa 


These spermatozoa are known in light micros- 
copy as “pin-headed” spermatozoa, although 
they do not really have a head [32]. They can be 
observed in small numbers in the semen of many 
men, but the anomaly can affect most of the sper- 
matozoa of some patients, which turns it into one 
of the best studied teratozoospermic syndromes. 
Most spermatozoa show a small cephalic thick- 
ening. This thickening corresponds to a cytoplas- 
mic remnant that encompasses the intermediate 
piece showing a variable degree of organization 
of mitochondria. The flagella may show vigorous 
movements in some patients and lack of mobility 
in others. 

Ultrastructurally two variants have been 
reported: 


— Type I. Acephalic spermatozoa with loss of the 
intermediate piece. The flagellum ends crani- 
ally in a cephalic thickening 1-2 microns in 
diameter. In this cytoplasm, one or both cen- 
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trioles and some mitochondria without axial 
organization are observed. 

— Type II. Sperm-organized intermediate piece. 
The cephalic end has a 3-5 micron thickening. 
The connecting piece is better organized, and 
most of their structures are contained in the 
apical cytoplasm. The intermediate piece has 
a high degree of organization. 


The acephalic spermatozoa are produced by 
an early failure in spermatogenesis. In step 1, 
spermatids have both centrioles away from the 
nucleus, and the axonema starts from the distal 
centriole. In step 2, or cap phase, elongation and 
condensation of the nucleus occurs, the acrosome 
development continues, but the flagellum 
approach to the nucleus does not occur, and so 
the differentiation of both structures continues 
separately. This syndrome has been described in 
several members of the same family [30, 32]. In 
one case, the same patient showed the presence 
of microcephalic spermatozoa without acrosome 
and decapitated spermatozoa [33]. The syndrome 
may result from one of the following hypotheses 
[34]: (1) a failure to form the basal plaque and the 
implantation fossa in the post-nuclear region, (2) 
a chemical abnormality of filamentous material 
that occupies the space between the capitellum 
and the basal plaque, and (3) an abnormal position 
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of the tail over the caudal pole of the nuclei dur- 
ing flagellum development. 


20.4.2 Defects of the Connecting 
Piece 


Connection defects are evidenced by the pres- 
ence of strangulation at this level. This anomaly 
is often associated with loss of alignment of the 
head and the flagellum axis. 


20.4.3 Separated Head 
and Flagellum: Decapitated 
and Decaudated Spermatozoa 


In most cases, normally elongated nuclei with 
good development of the acrosome and with no 
implantation fossa and basal plaque are observed. 
Flagella are sometimes of the type I and some- 
times of the type II. In this variety, exceptionally 
the heads contain the proximal centriole in the 
implantation fossa with its basal plaque. 
Decapitated tails contain the proximal centriole, 
segmented columns, and most flagellar structures 
[35, 36]. This anomaly starts during spermiogen- 
esis, but heads and tails separation may occur dur- 
ing spermiation or along the spermatic pathway. 
The cause of infertility may lay in a dysfunc- 
tion of the sperm centrioles that makes them 
unable to migrate and attach to the caudal pole of 


Fig. 20.6 Longitudinal 
section of a spermatozoon 
showing intermediate 
piece hypoplasia and 
fibrous sheath dysplasia 
(electron microscopy) 
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the spermatid nucleus and in the decreased pro- 
teasome activity that probably prevents normally 
centriolar release and centrosome formation after 
fertilization. Most of these patients being ame- 
nable to treatment with ICSI, an alteration of the 
proximal centriole function, could produce insuf- 
ficient nucleation of the zygote sperm aster, lack 
of syngamy and embryo cleavage, or defective 
embryos leading to early abortions [37]. 


20.5 Fibrous Sheath Dysplasia 


The fibrous sheath dysplasia is an autosomal 
recessive genetic disease. The term refers to the 
most frequent ultrastructural abnormality of sper- 
matozoa, classically described as short-tail sper- 
matozoa and stump tail syndrome [38, 39]. Under 
optical microscopy, the spermatozoa have short, 
thick, and irregularly rigid tails. The intermediate 
piece is frequently absent. The ultrastructural 
study shows significant alterations of the fibrous 
sheath in all the sperm and in the axoneme in 
more than half of them [40, 41] (Fig. 20.6). 

In normal spermatozoa, the fibrous sheath is a 
cytoskeletal structure formed by two longitudinal 
columns running along the principal piece and 
inserted into doublets of microtubules 3 and 8. 
These columns are connected at regular intervals 
by transverse semicircular ribs. Spermatozoa 
with fibrous sheath dysplasia show a distortion of 
these structures containing a marked hypertrophy 


20.6 Primary Ciliary Dyskinesia (PCD): Immotile Cilia Syndrome 


Fig. 20.7 Longitudinal 
section of a flagellum with 
fibrous sheath dysplasia 
(electron microscopy) 


and hyperplasia of the fibrous sheath material 
(Fig. 20.7). The most abundant structural pro- 
teins in the fibrous sheath are AKAP3 and 4, 
members of the A-kinase anchor protein family 
[42]. The fibrous sheath abnormally associates, 
in half of the cases, alterations in the axonema 
such as absence of the central pair and, less fre- 
quently, absence of dynein arms. 

Other common defects are dense fibers 3 and 8, 
which are normally only present in the intermediate 
piece, extending through the principal part; the 
annulus does not migrate caudally and remains near 
the connecting piece, as a result of which the inter- 
mediate piece is not formed and mitochondria are 
poorly sorted or absent. A complete form is distin- 
guished when all spermatozoa have fibrous sheath 
dysplasia and an incomplete form when 20-30 % of 
the spermatozoa have a normal structure. 

Studies of testicular biopsies have shown that 
these defects originate during late spermatogen- 
esis [43]. The remaining anomalies would 
accompany secondarily the lack of organization 
of the fibrous sheath. 

Twenty-four percent of patients present with 
respiratory symptoms such as rhinosinusitis, 
bronchitis, and bronchiectasis from early child- 
hood. All patients with respiratory symptoms 
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lack dynein arms. Most of them correspond to the 
complete form of fibrous sheath dysplasia. These 
patients have been observed to also lack dynein 
arms in the cilia of the respiratory tree [40, 44], 
which suggests the existence of an intimate rela- 
tionship between spermatozoa, fibrous sheath 
dysplasia, and the immotile cilia syndrome. 
Offspring has been reported in these patients 
using ICSI techniques [45]. 


20.6 Primary Ciliary Dyskinesia 
(PCD): Immotile Cilia 
Syndrome 


PCD is an autosomal recessive disorder, geneti- 
cally heterogeneous, secondary to abnormalities 
of the ciliary mobility. The incidence is 1:20,000 
to 1:60,000. The phenotype of patients is very 
varied: chronic upper and lower respiratory tract 
infections, situs inversus, heterotaxy with or 
without congenital heart disease, and male infer- 
tility. Clinical manifestations of the immotile 
cilia syndrome begin in childhood and worsen 
with age [46]. The cilia are present in numerous 
epithelia: nasal cavity, paranasal sinuses, middle 
ear, respiratory tract, fallopian tubes, efferent 
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ducts, and ependymal and embryonic tissues. 
Spermatozoa flagella are considered to be modi- 
fied cilia. 

Abnormalities in the spermatozoa axoneme 
have been classified into three groups [34]: numer- 
ical aberrations in the normal organization 9 + 2, 
microtubule ectopia, and structural anomalies. 


Numerical Aberrations 

The most common numerical aberrations from the 
functional point of view are the absence of one (9 + 
1) or both central microtubules (9 + 0) and the com- 
plete absence of axoneme [47]. Sperm 9 + 0 also 
lack the central sheath, have a normal configuration 
under optical microscopy, but are immotile. There 
have been reports of familial presentations [48] and 
of one patient with autosomal dominant polycystic 
kidney disease [49]. The absence of axonema in the 
cilia and flagella has been reported in one patient 
with Kartagener’s syndrome [50]. 


Microtubules Ectopia 

The most frequent abnormality is the presence of 
supernumerary elements. But there are cases in 
which one or both central microtubules are 
located outside the nine doublets. 


Structural Anomalies 

Men with structural anomalies, except for 
exceptional cases, are sterile [51, 52]. There is 
an absence of sperm mobility when both dynein 
arms are lacking, when there are no peripheral 


Fig. 20.8 Kartagener 
syndrome. Cross sections 
of the intermediate piece 
and distal end of the 
principal piece. Note the 
absence of dynein arms 
(electron microscopy) 
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junctions, when the central pair is lacking, and 
logically in those that lack axonema. Mobility 
is partially preserved in those cases in which 
some dynein arms are present [53]. The pres- 
ence of less than three external dynein arms in 
each spermatozoon causes dyskinesia and 
infertility [40]. 


Kartagener’s Syndrome [54] Kartagener’s syn- 
drome is a subtype of primary ciliary dyskinesia 
[55]. It is characterized by the classic triad of situs 
inversus, bronchiectasis, and chronic sinusitis. Its 
incidence is estimated at 1:40,000 to 1:120,000, 
and it occurs in about 1 % of cases of bronchiecta- 
sis and 20 % of cases of situs inversus [56]. The 
overall age of onset is 10-19 years. Often patients 
also show a variety of malformations such as con- 
genital heart disease, hydrocephalus, cleft palate, 
bilateral cervical ribs, anal atresia, urethral crack, 
and duplex kidney. It is a genetic defect with auto- 
somal recessive inheritance. 

In most patients, spermatozoa lack mobility 
due to the absence of dynein arms (Fig. 20.8) but 
are capable of undergoing capacitation, acrosome 
reaction, and penetration of oocytes in the zona 
pellucida in free hamsters. With different assisted 
reproductive techniques such as subzonal insemi- 
nation [57], intracytoplasmic sperm injection 
[58], and in vitro fertilization [59], pregnancies 
have been achieved. 

The most common genetic abnormalities 
found in patients with primary ciliary dyskinesia, 
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including Kartagener’s syndrome, vary depend- 
ing on the ethnic group or geographic area stud- 
ied [60]. Among mutations of dynein genes, there 
are DNATI genes (axonemal dynein intermediate- 
chain gene 1), DNAHS5S and DNAHI/ [61], and 
TXNDC3 [62]. Other mutations associated with 
cilia disorders are those of hPF20 gene in patients 
with abnormalities of the central pair [63]. And 
that of RPGRIPIL in which primary ciliary dys- 
function is associated with a group of autosomal 
recessive disorders like CORS (Cerebello-oculo- 
renal) syndrome, also known as Joubert syn- 
drome type B [64]. 

Some patients with primary ciliary dyskinesia 
are known to be fertile [65] or else have achieved 
paternity trough IVF or ICSI [66]. 
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21.1 Introduction 

The twisting of the spermatic cord causes the 
sudden interruption of the venous return because 
the veins collapse, while the blood flow through 
the spermatic artery is maintained for some time. 
The result is a hemorrhagic infarction of the testis 
(Fig. 21.1). Salvage rates of testes with testicular 
torsion vary from 30 to 50 % [1, 2]. The fertility 
of patients after unilateral testicular torsion is 
decreased [3, 4]. Thirty-six percent of patients 
show sperm counts of less than 20 million/ml [5]. 
In long-term follow-ups, semen is normal only 
between 5 and 50 % of patients [1, 3, 6]. Twenty- 
five percent become infertile [7]. Hormonal val- 
ues remain within normal limits, and only 
elevated FSH and LH are observed in some cases 
of torsions over 8 h or when there is testicular 
atrophy [8], and decreased inhibin B occurs as a 
sign of Sertoli cell dysfunction [9]. 

The diagnosis of testicular torsion is not always 
easy, especially in young people, and it requires 
ruling out all pathologies responsible for an acute 
scrotum such as hydatid of the testis and epididy- 
mis torsion, orchioepididymitis, incarcerated 
inguinal hernia, scrotal trauma, Henoch-Schoénlein 
purpura and bleeding, testicular malignancy, and 
idiopathic scrotal edema. 

The most important factor for salvaging a 
twisted testicle is the duration of the symptoms. 
The delay in the nonrecognition of symptoms can 
lead to orchiectomy. Obstructions are higher in 
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pediatric patients because the clinical presenta- 
tion may be similar to other nonsurgical entities, 
such as an epididymal appendix or a testicular 
appendage torsion [10]. While the adult patient 
describes the symptoms well (sudden onset of 
pain, quality of pain, and duration of pain), col- 
lection of this data is more difficult in children. 
The diagnosis is complicated when testicular tor- 
sion starts with symptoms such as abdominal 
pain, nausea, and vomiting. Color Doppler ultra- 
sound scanning is of great usefulness for the eval- 
uation of different pathologies [11]. 

The twisting of the spermatic cord produces a 
collapsed veins permeable maintained for some 
time the blood flow through the spermatic artery. 


Fig. 21.1 Torsion of the spermatic cord in a 14-year-old 
boy. High reflection of the tunica vaginalis. Hemorrhagic 
infarction of the testis and epididymis 
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The result is a hemorrhagic infarction testis. Salvage 
rates of patients with testicular torsion vary from 30 
to 50 % [1, 2]. Fertility patients after unilateral tes- 
ticular torsion are decreased [3, 4]. Thirty-six per- 
cent of patients show less than 20 million sperm/ml 
[5] counts. In a long-term follow-up, semen is only 
average between 5 and 50 % [1, 3, 6]. Twenty-five 
percent become infertile [7]. Serum hormaonal val- 
ues usually remain within normal limits, and only 
elevated FSH and LH are observed in some cases in 
torsions over 8 h or when there is testicular atrophy 
[8], and decreased inhibin B occurs as a sign of dys- 
function of Sertoli cells [9]. 


21.2 Physiopathology 


The initial mechanism that triggers injuries after 
a testicular torsion is ischemia. The damage 
caused by ischemia is reinforced by an untwisting- 
associated secondary damage (reperfusion). 
Testicular infarction begins before 2 h of onset of 
symptoms; irreversible damage appears after 6 h 
and completes infarction after 24 h. During the 
testicular torsion, a decrease in blood flow to the 
contralateral testis also occurs, possibly through 
a reflex arc originating in the neurons of the pel- 
vic area. The unilateral torsion could affect sper- 
matogenesis of the contralateral testis. The 
contralateral decreased blood flow would result 
in increased levels of reactive oxygen species that 
can damage the testicular parenchyma. 
Untwisting is not safe and may further dam- 
age the testicle. The preservation of twisted tes- 
tes leads to the ischemic-reperfusion (I/R) 
damage of both testes [12]. The testicles are 
very vulnerable to oxidative stress, mainly due 
to the abundance of unsaturated fatty acids. 
Oxidative damage is caused by an imbalance 
between oxidative and antioxidative systems. 
Many cellular and molecular mechanisms are 
involved in ischemia-reperfusion injury follow- 
ing testicular torsion. The I/R is associated with 
overproduction of reactive oxygen species 
(ROS) such as nitric oxide, hydrogen peroxide, 
hypochlorous acid, hydroxyl radicals, and 
superoxide anion [13]. The main source of ROS 
is leukocytes infiltrating the testicular tissue 
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although they can also be formed from sperma- 
tozoa and mitochondria of Leydig cells [14]. 
Reperfusion is beneficial to the twisted testicle, 
by preventing ischemia-induced apoptosis and 
necrosis, but also adversely affects the contra- 
lateral testicle. Leaving a severely damaged tes- 
tis instead of removing it causes more damage 
in the contralateral testis [3]. 


21.3 Indicators of Testicular 
Salvage Ability 


Salvage of a testis after torsion is very difficult to 
predict. There are no other more reliable param- 
eters than the duration of the torsion that can pre- 
dict what will happen with the testicle. 


Duration of Testicular Ischemia Testicular 
damage is evaluated at three degrees [15]. 


— Grade I lesions: Sloughing of immature germ 
cells and apical vacuolation in Sertoli cells 
and spermatogonia are observed at the semi- 
niferous tubule level and edema, vascular 
congestion, and focal hemorrhages at the 
interstitial level (Fig. 21.2). 

— Grade II lesions: The seminiferous epithe- 
lium displays sloughing of all germ cell types. 
Interstitial hemorrhage is important, and 
Leydig cells show variable degrees of altera- 
tions (Figs. 21.3 and 21.4). 

— Grade III lesions: These lesions are the char- 
acteristic lesions of a hemorrhagic infarct 
with necrosis of the seminiferous epithelium 
(Fig. 21.5). 


Most testicular torsions of less than 4 h have lesions 
of grade I; if the duration is 4-8 h, the lesions are 
grade II, and if longer than 12 h, they are grade 
MI. There are a small number of testes with less 
than 4 h of evolution that may have lesions of grade 
II and also testes with more than 4 h that can show 
lesions of grade I [16]. The literature shows excep- 
tions collected as testes salvaged after 3-5 days of 
torsion. Undescended testes that undergo torsion 
have even a worse prognosis and between 60-71 % 
of them end in orchiectomy [17]. 


21.3 Indicators of Testicular Salvage Ability 


Fig. 21.2 Torsion of 
the spermatic cord in a 
9-year-old child. 
Interstitial and 
subalbugineal 
hemorrhage both in the 
testis and epididymis 


Fig. 21.3 The Torsion 
of spermatic cord in a 
pubertal patient. 

Grade II lesions consist 
of interstitial 
hemorrhage and 
sloughing of inmature 
germ cells 


Within the first 6 h, 93 % of the testes and only 
10 % after 24 h are salvaged [18]. Orchiectomy 
rates are between 39 and 71 % [19]. The risk of 
orchiectomy is 5 % before 6 h of the onset of pain 
and rises to 90 % if after 48 h [1]. 

Color Doppler ultrasound allows to observe 
the absence of testicular flow. But not in all cases 
in which flow is not shown testes are unrecover- 
able [20]. 


Testicular Echogenicity Two patterns have 
been described in no-flow twisted testicles in 
scrotal Doppler ultrasound. In those testes with a 
hypoechoic and isoechoic homogeneous testicu- 
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lar framework, testicular viability depends on an 
urgent surgical exploration, while in those testes 
with dishomogeneous and heterogeneous 
echotexture (characteristic of testicular necrosis), 
testicular surgical exploration would not be an 
emergency [21]. 

Ultimately the decision to remove or retain 
the twisted testicle is subjective and primarily 
based on the appearance of the testicle. After 
untwisting, if there is bleeding after incision of 
the tunica albuginea, the testis is fixed to the 
scrotum, and it is removed only if it appears 
frankly necrotic. In the best of cases, this only 
documents that intratesticular flow has been 
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Fig. 21.4 Seminiferous 
tubule showing apical 
cytoplasmic 
vacuolization in both 
germ cells and Sertoli 
cells. Separation of 
some spermatogonia 
from the basement 
membrane. 
Spermatocyte and 
spermatid sloughing 
(same case of the 
previous figure) 


Fig. 21.5 Spermatic 
cord torsion grade 

II. Necrosis of 
testicular parenchyma. 
Nothing but the 
silhouettes of the 
seminiferous tubules 
can be recognized 


restored after untwisting, but it does not con- 
firm its usefulness in predicting the viability of 
the testicular parenchyma. 


Grade of Spermatic Cord Torsion The sec- 
ond important factor in assessing the severity of 
testicular lesions is the degree of spermatic 
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cord torsion [22, 23]. A high degree of cord 
twisting causes cellular necrosis within 4 h [24]. 
Experiments show that if twisting amounts to 
180°-360°, recovery of many testes can be 
expected even after 10 h [25]. Testicular atrophy 
is always determined by 360° torsions and a 
24 h evolution [2]. 


21.5 Potential Protective Agents 


21.4 Causes of Infertility 


Residual Pathology of Twisted Testicle The 
recovery from the injuries of the preserved testi- 
cles may be incomplete, and in the course of 
time, a certain percentage undergoes atrophy. 
Histological studies show large areas of fibrosis 
with microcalcifications (Figs. 21.6 and 21.7). 
The oligozoospermia could be due to the exis- 
tence of a previous pathology in both testes. 
Studies in surgical specimens of twisted testicles 
with grade II lesions have shown lesions that can- 
not be attributed to torsion such as mixed atro- 
phy, hypospermatogenesis, and microlithiasis 
[16] (Fig. 21.8). 


Pathology of the Contralateral Testicle The 
contralateral testis may be carrying primary 
lesions and develop in addition secondary lesions 
to I/R. Biopsies performed on the contralateral 
testis at the time of torsion show that between 57 
and 88 % of them are abnormal. The following 
lesions have been observed: desquamation of the 
germinative epithelium, atrophy of the Leydig 
cells, malformation of spermatids, maturation 
arrest, immature tubules, and tubular hyaliniza- 
tion [26, 27]. There are two possible (nonexclu- 
sive) explanations: that they are the result from 


Fig. 21.6 Longitudinal 
section of a testicle with 
old spermatic cord 
torsion after salvage. 
The testicle was 
removed by its small 
size. The upper pole is 
thinned by extensive 
fibrosis 
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intermittent episodes of asymptomatic torsion or 
that they are actually primary lesions themselves. 
Other lesions attributed to torsion are an impor- 
tant apoptosis of germ cells, a few adult sperma- 
tids with frequent malformations, vacuolation of 
Sertoli cells, and atrophy of Leydig cells [1]. 


Sympathetic Orchidopathy The testis is an 
immunologically privileged organ. Ischemia can 
produce the blood-testis barrier break. Different 
materials of a twisted testis are exposed to the 
immune system. The autoantibodies formed 
could attack the contralateral testis. The presence 
of immobilizing antibodies has been linked to 
infertility only [28], so this hypothesis does not 
have much backing. 

Reflex vasoconstriction of contralateral testic- 
ular vessels is mediated by sympathetic nerves. 
The reflex vasoconstriction causes bilateral 
hypoxia and subsequent testicular damage [29]. 


21.5 Potential Protective Agents 


The damage secondary to reperfusion is even 
more serious than that caused by ischemia. 
Several physical and pharmacological agents 
have been investigated in experimental animals 
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Fig. 21.7 Fibrosis of 
testicular parenchyma 
with multiple foci of 
dystrophic 
microcalcifications and 
absence of delimitation 
of testicular parenchyma 
from the tunica 
albuginea (same case of 
the previous figure) 


Fig. 21.8 Testicular 
torsion in 17-year-old 
patient. Grade I lesions 
associated with 
hypospermatogenesis 


as supportive therapy of the surgical repair, in 
order to prevent the effects of ipsilateral and 
contralateral testicular torsion. These experi- 
ments include cooling the testis, limiting the 
reperfusion injury, suppressing immune-medi- 
ated damage, and chemical sympathectomy to 
prevent contralateral vasoconstriction among 
others [30]. 
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Physical Therapies Cooling the testis retards 


the effects of ischemia for some hours. 
Electroacupuncture increases the testicular blood 
flow during the time interval that elapses from 
diagnosis to surgery, contributing to an increased 
testicular salvage rate [31]. Others are intraperi- 
toneal ozone and/or taurine [32] and hyperbaric 
oxygen treatment [33]. 


References 


Antioxidants and Free Radical Scavengers In 
recent years the use of several antioxidants and 
free radical scavengers has been proposed to limit 
the reperfusion injury. The administration of mela- 
tonin causes a significant decrease in lipid peroxi- 
dation and enzyme activities in the ipsilateral testis 
[34]. Also administration of N-acetylcysteine [35], 
vitamin E [36], selenium [37], ebselen [38], ghre- 
lin [39], verapamil platelet-activating surfactant 
factor inhibitors, sildenafil and undenafil intraperi- 
toneal administration [40], caffeic acid phenethyl 
ester, resveratrol, arginine [41], and pyrrolidine 
dithiocarbamate (a low-molecular-weight antioxi- 
dant and potent inhibitor of nuclear factor kappa B 
activation) have an antioxidant effect. [42]. 


Immunosuppression Immunosuppression with 
dexamethasone, hydrocortisone, cyclosporine, 
and azathioprine has been applied to control the 
potential immunologic effects of torsion. To 
reduce inflammatory reactions and improve tes- 
ticular morphology, lipoxin A4 has been used 
because of its ability to regulate the production of 
cytokines, oxidative stress, and NF-kB activity 
[43]; mesenchymal local injections of stem cells 
have also been used as potent immune modula- 
tors [44], as well as caffeic acid phenethyl ester 
(antioxidant and anti-inflammatory agent). This 
effect may be due to inhibiting the neutrophil- 
mediated cellular injury [45]. 

Chemical sympathectomy is achieved with cap- 
saicin, nitric oxide, 6-hydroxydopamine hydro- 
bromide, and guanethidine monosulphate [1]. 

Most treatments are not validated, and cur- 
rently 54 % of the testes undergo atrophy, even 
though during the intervention they had been 
considered viable. When the pain lasts more than 
1 day and when there is a heterogeneous echo- 
genicity on ultrasound, more than 90 % of the 
testes suffer atrophy [46]. 
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22.1 Varicocele and Infertility 
There is much information regarding varico- 
cele male infertility: (a) the incidence of vari- 
cocele in the general population is 4.4—22.6 %, 
and this figure rises to 21—44 % of the popula- 
tion consulting for infertility; (b) the semen 
analysis of patients with varicocele shows 
reduced sperm count, mobility, and morphol- 
ogy [1]; (c) the ipsilateral testis is smaller [2]; 
(d) the size of the contralateral testicle is 
diminished; (e) the degree of varicocele is 
inversely correlated to the testicular size and 
semen quality [3]; (f) testicular size is also 
decreased in the so-called subclinical varico- 
celes [4]; (g) the majority of patients undergo- 
ing varicocelectomy have improved semen 
quality, but the number of spontaneous 
pregnancies is very low [5, 6]; (h) histological 
studies show very varied lesions; (i) two thirds 
of men with varicocele maintain fertility 
[7, 8]; and (j) the pathogenetic mechanisms 
discussed over more than 50 years are still con- 
troversial [9]. 

The most common causes of varicocele and 
preferably involvement of the left side have an 
anatomical basis. The most frequent are: 


— Difficulty in draining the internal spermatic 
vein that discharges into the renal vein. 

— Congenital absence or incompetence of the 
ostial valves of the internal spermatic vein. 
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— High hydrostatic pressure in the internal sper- 
matic vein due to its great length (42 cm) and 
the absence of valves [10]. 

— The renospermatic reflux could be explained by 
the condition known as “proximal nutcracker 
effect” or “compass effect” [11]. This effect 
consists of compression of the left renal vein 
between the superior mesenteric artery and the 
aorta (aortic-mesenteric pincer) or compression 
of the renal vein that might be exerted by either 
the Treitz’s ligament or an arched testicular 
“distal” artery [12]. In the iliospermatic refluxes 
by “distal nutcracker effect,” the common right 
iliac artery goes over the common left iliac vein 
and can compress it [13, 14]. 

— Alterations in the fasciomuscular pump of the 
spermatic cord [15, 16]. 


22.2 Pathogenetic Mechanism 


The pathophysiology of varicocele is multifacto- 
rial. A combination of several factors affects 
spermatogenesis and sperm function. The follow- 
ing possibilities have been proposed: altered tes- 
ticular thermoregulation, hypoxia, toxic effects 
of metabolites of renal or adrenal origin, oxidative 
stress, hormonal imbalances, impaired blood 
flow, gonadotoxins, apoptosis, alteration of the 
vascularization of the epididymis and its func- 
tion, and an effect on the testis contralateral to the 
varicocele (Fig. 22.1). 
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Fig. 22.1 Algorithm that summarizes the mechanisms and factors involved in the pathophysiology of varicocele 


Alteration of the Testicular Thermoregulation 
The normally functioning testis requires to con- 
stantly remain at a temperature lower than other 
areas of the body. The testis with varicocele has a 
higher temperature, estimated to be 2.2 °C higher 
[17]. Experimentally, testicular hyperthermia can 
destroy the balance between oxidative and anti- 
oxidative capacity [18]. Experimentally, testicu- 
lar hyperthermia promotes apoptosis, thereby 
affecting mainly primary spermatocytes and 
round spermatids [19]. Many of the enzymes 
responsible for DNA synthesis, (such as topoi- 
somerase I and the DNA polymerase), have an 
optimum activity at temperatures lower than 
those achieved in the testis with varicocele [20]. 


Hypoxia 
Venous stasis causes vasoconstriction of the pre- 
capillary arterioles within the testis as a manner 


of downregulating the arterial flow and also with 
the aim to maintain homeostasis. Vasoconstriction 
leads to hypoperfusion and decrease of both oxy- 
gen and other nutrients in the cells and the inter- 
stittum [21]. An association between levels of 
hypoxia-inducible factor 1 alpha (HIF-1 alpha) in 
testicular veins and germ cell apoptosis has been 
found in varicocele [22]. 


Toxic Effects of Metabolites of Renal or 
Adrenal Origin 

Studies are contradictory [23]. Some authors have 
reported an increase of catecholamine in the sper- 
matic vein, increase that others authors have not 
confirmed. Also, high levels of PGE, —F, F2alpha, 
and serotonin have been reported whose meaning 
remains unclarified [2], as well as increased adre- 
nomedullin (a potent vasodilator peptide), but its 
function on spermatogenesis is unknown [24]. 


22.2 Pathogenetic Mechanism 


Oxidative Stress 

Spermatozoa normally produce different forms of 
reactive oxygen species (ROS) involved among 
others in important functions such as the mecha- 
nisms of signal transduction, regulation of sper- 
matic hyperactivation/capacitation, and facilitation 
of the acrosome reaction and binding of sperm to 
the oocyte [25, 26]. The seminal plasma contains 
antioxidant agents that neutralize the excessive 
production of ROS. In the varicocele there is an 
excessive production of ROS due to the abundant 
number of sperm with cytoplasmic residues and 
increased transepithelial passage of leukocytes 
and macrophages through the epididymis 
[27-29]. 

Excess of free radicals can affect sperm in 
three different ways [30]: membrane lipid peroxi- 
dation, DNA damage, and induction of apoptosis. 
Cell membranes are very rich in polyunsaturated 
fatty acids, especially docosahexaenoic acid that 
confers high sensitivity to oxygen-induced expo- 
sure to damage and consequently loss of intracel- 
lular adenosine triphosphate, which produces 
axonemal damage, morphological defects in the 
midpiece, decreased sperm viability and motility, 
and decreased ability to fertilize the oocytes [31]. 

Another effect of free radicals on sperm is 
DNA damage. Direct attack to the bases of purine 
and pyrimidine and the phosphodiester back- 
bones destabilizes the DNA molecule and pro- 
duces abnormalities such as polymorphisms, 
point mutations, deletions, translocations, and 
even double-stranded breaks [32]. DNA frag- 
mentation can cause abnormal fertilization, 
reduced implantation, and poor embryonic devel- 
opment [33, 34]. 

In the most severe cases, apoptosis of sper- 
matogonia, spermatocytes, and spermatids can be 
observed, a process that begins with the binding 
of two members of the tumor necrosis factor fam- 
ily, Fas (a type I transmembrane protein) 
expressed in spermatogenetic germ cells and 
FasL (its ligand) in the Sertoli cells [35]. 


Hormonal Imbalances 

There are two cell types that may show a dys- 
function in patients with varicocele: Leydig 
cells and Sertoli cells. Chronic congestion 
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alters hormone levels and other factors involved 
in endocrine and paracrine regulation of Leydig 
cells, myoid peritubular cells, and Sertoli cells. 
Fifty percent of patients with varicocele have 
an excessive response to stimulation with 
GnRH. Free testosterone levels are lower than 
normal, and E2 levels are higher than normal, 
suggesting an intrinsic defect in testicular ste- 
roidogenesis [36]. The following conditions are 
observed in many patients with varicocele: 
decreased Sertoli cell responsiveness to FSH 
and altered serum levels of inhibin [37] and of 
androgen-binding protein. 


Altered Blood Flow 

Blood pressure in testicular postcapillary venules 
and capillaries is very low compared to other tis- 
sues. The increase in testicular venous pressure 
accompanying the varicocele eventually affects 
the postcapillary venules, resulting in an increased 
volume of filtration. This excessive interstitial 
fluid leads to chronic edema and accumulation of 
testicular catabolites. Among catabolites interme- 
diate products of biosynthesis and catabolism of 
the androgens are found that can seriously affect 
the paracrine regulation mechanisms [38—40]. 


Gonadotoxins 

The gonadotoxins act as a cofactor in the 
pathogenesis of varicocele. In smokers the 
incidence of varicocele is twice as high, and 
oligospermia is ten times greater than in non- 
smokers [41, 42]. Nicotine would act on the 
testicle in several ways: by increasing the 
release of adrenal catecholamines that would 
reach the testicle through the retrograde flow 
that there is in the varicocele, by the formation 
of free radicals, or by the toxic effect of 
cadmium contained in cigarettes. Cadmium 
produces a toxic effect on spermatogenesis, 
increasing apoptosis, provoking endothelial 
damage, and resulting in edema and increased 
intratesticular pressure and thickening of the 
internal spermatic vein wall [43]. 


Apoptosis 
In men with varicocele, the percentage of germ 
cell apoptosis is increased up to 14.7 % compared 
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with 2 % in normal men; additionally, 10 % of 
the spermatozoa ejaculated in patients with vari- 
cocele show apoptosis as compared to 0.1 % in 
fertile controls [44]. Apoptosis may be the final 
common pathway of various pathogenic factors 
acting in the varicocele, including thermal stress, 
hypoxia, contact with cadmium and other toxic 
substances, or an androgen deficiency. 


Alteration in the Vascularization of the 
Epididymis and Its Function 

The same disorders that occur in testicular vascu- 
larization are applicable to the epididymis; with 
the peculiarity that since the maturation and the 
acquisition of progressive mobility of sperm 
occur at this level, these functions may be 
affected. 


Contralateral Effect 

Varicocele is a bilateral vascular disease, and a 
right-sided venous return is observed in 86 % of 
infertile patients with clinical varicocele [45]. 
The contralateral testis has lesions too, although 
in many cases, they are less important. This tes- 
ticle could be affected by three mechanisms: 
direct reflux of the right testicular vein, reflux of 
the left testicular vein via its communicants, or an 


Fig. 22.2 Patient with 
varicocele and 
oligozoospermia. 
Testicular parenchyma 
showing marked 
seminiferous tubule ectasia 
and immature cell 
sloughing 
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increase in temperature by contact with the ipsi- 
lateral varicose testis. 


22.3 Clues to Interpret Testicular 
Lesions 


The following three situations are observed when 
analyzing the target cells on which the various 
mechanisms act: (a) thermal stress and hypoxia 
result in increased apoptosis preferably acting on 
the first-order spermatocyte, (b) oxidative stress 
and vascular changes in the epididymis prefera- 
bly act on the spermatozoa, and (c) the testicular 
chronic congestion acts on the interstitium, the 
Sertoli cells, and the Leydig cells. 

The most common lesions described in the 
testicular biopsies are the following: In the most 
affected tubules, there is a marked dilatation of 
the lumen, most times in reverse proportion to 
atrophy of the seminiferous epithelium [46] 
(Fig. 22.2). The tubules of smaller caliber have a 
wall thickening [47, 48] and may have sperm 
accumulations. Parallel to atrophy there is a pro- 
gressive thickening of the basement membrane 
[49] and myoid cells of the tubular wall dedif- 
ferentiation [50]. 


22.3 Clues to Interpret Testicular Lesions 


The seminiferous epithelium may show 
incomplete spermatogenetic element maturation, 
hypospermatogenesis, mixed atrophy, Sertoli 
cell-only, sloughing of immature germ cells 
(spermatids and even spermatocytes) [51-53], 
and maturation arrest [47]. 

Congestion and fibrosis are seen in the inter- 
stitium as well as thickening of the vessel wall 
with narrowing of the lumen and interstitial 
fibrosis [54-56] (Fig. 22.3). Ectasia of the lym- 
phatic vessels and blood stagnation in the 
microcirculatory vessels are also present [57]. 
Leydig cells have been described as atrophic 
from 4 % [47, 58] to 10 % [48]. Leydig cell 
hyperplasia has been described in 22 % [59] to 
39 % [58] of the testes. In a large number of 
cases, the contralateral testis shows histological 
changes similar to those of varicocele, although 
not as intense [49]. 

By correlating the lesions produced by differ- 
ent pathogenetic mechanisms, both using data 
from experimental animals and humans, huge dis- 
crepancies with some histological findings become 
obvious. The first discrepancy is to attribute 
lesions such as mixed atrophy, Sertoli cell-only 
syndrome, and severe cases of hypospermatogen- 


Fig. 22.3 Testicular 
parenchyma showing 
dilated veins with fibrous 
wall and interstitial edema 
(same patient of the 
previous figure) 
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esis to proposed pathogenic mechanisms. These 
lesions are observed both in patients with nonob- 
structive azoospermia and in patients with abnor- 
mal karyotype or cryptorchidic patients. It is very 
unlikely caused by accepted pathogenetic mecha- 
nisms in varicocele, so the first key should be 
introduced; these are primary lesions of the testis, 
regardless of whether or not the patient has a 
varicocele. 

The second difficulty is the interpretation of 
the great variability of lesions affecting both the 
tubular diameter, the amplitude of the tubular 
lumen, or the degree of spermatogenesis, lesions 
that also share the characteristic of being focal. It 
would be expected that thermal stress or oxida- 
tive stress, to name just the most accepted mecha- 
nisms, produced diffuse lesions in germline that 
hardly vary from one to another lobule. This has 
led us to introduce a second key in interpreting 
varicocele lesions; in the varicocele there is a par- 
tial obstruction of the proximal spermatic path- 
way [60, 61]. 

In biopsies and surgical specimens of patients 
with varicocele, lesions vary from some seminif- 
erous tubules to others, with the peculiarity that, 
according to the serial studies of samples, those 
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with the same lesion belong to the same lobule. 
In other words, two adjacent lobules may have 
lesions in different evolutionary moments. If the 
lesions are ordered from the lowest to the highest 
grade of severity, there are tubules with increased 
diameter and lumen at one end and atrophy of the 
seminiferous epithelium, disappearance or accu- 
mulation of sperm in the lumen, and tubulitis at 
the other end. 

The quantitative study of the seminiferous epi- 
thelium shows from an adult spermatid number 
higher than a young spermatid number, only 
explainable by an obstruction, to more and more 
serious lesions of the adluminal compartment, at 
first the late sloughing of the first-order spermato- 
cytes and then the early sloughing of the first-order 
spermatocytes. Vacuolation of apical cytoplasm of 
the Sertoli cells is associated with these lesions in 
the germ cells. These lesions are similar to those 
described after blockage of the proximal spermatic 
ducts, so in a testis with varicocele, there must be 
a compression in some segment of the spermatic 
ducts that permits some seminiferous tubules to be 
even partially obstructed, but not so others. 

The logical site of the blockage, probably only 
partial and only occurring when the patient is 


Fig. 22.4 Varicocele. The 
veins of the pampiniform 
plexus show marked 
dilation acquiring an image 
of cystic transformation 
without collapsing in the 
histological section 
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standing, is the testicular mediastinum (Fig. 22.4). 
This densely connective structure houses the first 
part of the spermatic pathway, septal rete, and 
mediastinal rete and also the centripetal veins, a 
group of veins that drain most of the testicular 
blood [62]. Dilation of these veins (intratesticular 
varicocele) in an inelastic structure, such as the 
mediastinum testis, causes stenosis of the intra- 
testicular spermatic pathway (Figs. 22.5 and 
22.6). 

Studies in testicular autopsies of patients with 
varicocele have shown that such compression is a 
reality [60]. The seminiferous tubules, unable to 
eliminate testicular fluid and sperm through the 
tubuli recti sometimes stenosed and other times 
displaced, would suffer an increase in hydrostatic 
pressure, and the seminiferous epithelium would 
be compressed by the intratubular fluid against 
the tunica propria, progressively atrophying the 
seminiferous epithelium [63] (Fig. 22.7). 

In summary, the histological studies of biop- 
sies of infertile patients with varicocele and of 
surgical specimens of young patients with varico- 
cele are the key to interpret testicular lesions. If 
the testicles are normal despite the varicocele 
causing alterations in the testicular parenchyma, 


22.3 Clues to Interpret Testicular Lesions 


Fig. 22.5 Extra- and 
intratesticular varicocele. 
In addition to marked 
dilation of extratesticular 
veins, dilation with cystic 
transformation of the veins 
located in the mediastinum 
testis is added 


Fig. 22.6 Intratesticular 
varicocele. The 
mediastinum testis is 
occupied by numerous 
dilated veins 


these changes are insufficient for the patient to 
become infertile. But if the testicle is the bearer 
of a handicap that in the absence of varicocele 
would not be a cause of infertility, varicocele 
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altering the parenchyma triggers infertility. 
Progressivity of lesions may be more related to 
obstructive phenomena rather than to other 
pathogenic mechanisms. 
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Fig. 22.7 Intratesticular 
varicocele. Dilated veins 
disrupt and compress 
tubuli recti and rete testis 
cavities 
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Indications for Varicocele 
Surgical Repair 


23.1 


Evaluation of patients with varicocele should be 
performed to identify potential risk factors asso- 
ciated with long-term subfertility. At present, 
the points to be considered are the degree of 
varicocele, testicular size, findings obtained by 
scrotal Doppler ultrasound (Figs. 23.1 and 
23.2), endocrine evaluation, and the results of 
spermiogram. 

The American Urological Association for 
Male Infertility Best Practice Policy Committee 
and the American Society for Reproductive 
Medicine Practice Committee [1] both state that 
treatment of varicocele in adults should be con- 
sidered when (1) the varicocele is palpated on 
physical examination, (2) the couple has known 
infertility, (3) the woman has a normal fertility 
study or has a potentially treatable cause of 
infertility, and (4) the man has altered parame- 
ters of sperm with abnormal sperm function 
tests. 

However, surgical treatment in adolescents 
should be considered when there is objective evi- 
dence of reduced ipsilateral testicular size. If 
there is no objective evidence of decreased tes- 
ticular size, the committees recommend that ado- 
lescents and young adults should be annually 
evaluated by means of a scrotal Doppler ultra- 
sound and a semen analysis to detect early signs 
of testicular lesions. 
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The European Association of Urology [2] has 
recently released similar guidelines, which state 
that (1) varicocele treatment is recommended for 
adolescents with progressive failure of testicular 
development documented by serial clinical 
examination, (2) there is no evidence indicating 
the benefit of varicocele treatment in infertile 
men who have normal semen analysis or a sub- 
clinical varicocele, and (3) varicocele repair 
should be considered in cases of clinical varico- 
cele, oligospermia, infertility duration greater 
than 2 years, and otherwise unexplained infertil- 
ity in the couple. 

The key question in varicocele surgery is 
whether adolescent varicocele repair has any 
effect on reversal of testicular hypotrophy or 
improvement in semen parameters. While the 
ultimate patient goal is paternity, semen analysis 
is critical to the appropriate treatment of these 
patients. 


23.2 Treatment Options 


The objectives pursued in the treatment of varico- 
cele are to improve testicular function, improve 
sperm parameters in an early stage of develop- 
ment (especially during puberty, onset of sper- 
matogenesis) before noted histological changes 
to occur, and, finally, to treat pain when it is the 
symptom that accompanies varicocele, although 
in adolescents it is infrequent. 
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APuret Precision Precision APuret\T 


Fig. 23.1 Scrotal ultrasound Doppler shows a marked varicocele 


Fig. 23.2 Scrotal 
ultrasound Doppler 
evidence a mild left 
varicocele associated with 
testicular tumor (inside 
green lines) 


There are many possibilities for a surgical 3. Antegrade or retrograde embolization or 
treatment of varicocele: sclerotherapy of the spermatic veins 


1. Open surgery with three surgical techniques: (a) 
high retroperitoneal varicocelectomy (Palomo 23.2.1 Open Surgery 
technique with gonadal vein ligation), (b) open 
inguinal varicocelectomy (Ivanissevich-Buntz High Retroperitoneal Approach (Palomo 
technique), and (c) subinguinal microsurgery Technique) This technique of varicocelectomy 
approach (Marmar technique) (Fig. 23.3) was described in 1949 by Palomo [3]. It is a fast 
2. Laparoscopic surgery with a technique similar technique; it is carried out by means of a 
to Palomo’s open surgery transverse incision above the internal inguinal 
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Subinguinal 


Fig. 23.3 Location of areas of spermatic veins ligation 
for varicocele treatment 


ring, opening of the oblique muscles, and expo- 
sure of the testicular artery and the internal sper- 
matic vein near the ureter at the retroperitoneal 
level. Generally, at this level, the testicular artery 
has not yet been divided and is clearly different 
from the neighboring venous trunks, thus avoid- 
ing their injury (Fig. 23.4). 

The main disadvantage of this technique is its 
high incidence of recurrence (15 %) and the pres- 
ence of secondary hydroceles [4]. Fretz et al. [5] 
reported a higher percentage of recurrences that 
can reach up to 25 %, also indicated by Pascual 
et al. [6], compared with rates of varicocele 
recurrence with the inguinal approach that have 
been estimated at 5.5 % [6]. 


Inguinal Approach _ (Ivanissevich-Buntz 
Technique) This technique was described by 
Ivanissevich in 1918 [7]. His experience in 4470 
patients was subsequently reported in 1960 [8]. It 
has the advantage of allowing to pull the sper- 


matic cord out of the inguinal wound, making it 
easier to identify the testicular artery, the nodes, 
the internal spermatic vein, and the small periar- 
terial veins (Fig. 23.5). 

This open inguinal approach has an incidence 
of recurrence between 8 and 10 %. The most 
common complication is the hydrocele with an 
incidence between 3 and 15 %. 


Subinguinal Microsurgery Varicocelectomy 
(Marmar Technique) This surgical technique 
was described by Marmar in 1985 [9]. The inter- 
vention begins by identifying the external ingui- 
nal ring and infiltrating it with lidocaine 1 % and 
then performing a 2-3 cm incision to expose the 
spermatic cord, which is taken with a Babcock 
clamp. The cord is separated and microscopic 
dissection is performed to preserve the lymphat- 
ics vessels and the testicular artery. Papaverine 
can be used to locate the artery; applying this 
substance on the surgical field also prevents an 
arterial spasm. All cord veins exceeding 3 mm in 
diameter are ligated. 


In 466 surgical procedures, Marmar and Kim 
[10] report an incidence of varicocele recurrence 
of 2.1 % with this technique. The most frequent 
complications were epididymal discomfort 
(5.5 %) and hydrocele (0.8 %). 

This subinguinal technique is more thorough 
and safe in terms of preventing recurrence, and it is 
less painful when performed below the inguinal 
ring. Postoperative recurrence is markedly lower as 
compared with the high ligation and the subingui- 
nal microsurgery techniques (15.51 % vs. 2.11 %), 
as reported by Cayan et al. [11]. According to Fretz 
et al., recurrence after the subinguinal approach is 
only 1 % [5]. Also, in the Cayan et al.’s series [11], 
the incidence of postoperative hydrocele was sig- 
nificantly lower in the group of patients undergo- 
ing microsurgery (9.09 % in the Palomo surgery 
vs. 0.69 % in the subinguinal microsurgery). If this 
technique is performed including release of the tes- 
tis and ligation of the gubernaculum testis veins, 
the recurrence rate is even lower (0.5 %) [12]. The 
most frequent complications are epididymis dis- 
comfort (5 %) and hydrocele (0.8 %). 
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Fig. 23.4 Palomo technique. Scheme showing the level of spermatic veins ligation (a), the surgical access through the 
different anatomical structures (b), and location of spermatic veins at the retroperitoneum (c) 


23.2.2 Laparoscopic Surgery 


Although the more frequently used surgical tech- 
niques to repair varicocele are those of open sur- 
gery, the laparoscopic approach is possible too. 
The spermatic cord is located opening a small 
window of retroperitoneum through a transperito- 
neal approach. Spermatic vessels (artery and sper- 
matic veins), vas deferens, and lymphatic vessels 
are identified. This identification maneuver is 
eased by the vision that laparoscopic optics pro- 
vide. Subsequently, clips are placed in the sper- 
matic veins, and they are cut with scissors. 
However, there are some detractors [13] who 
believe that the laparoscopic technique turns a ret- 
roperitoneal technique into a transabdominal one 
and makes a quick procedure to be a slower and 
more morbid one (by the number of incisions, 
optical, and working channel). Among the advan- 
tages of the laparoscopic procedure, we can men- 


tion that magnification through laparoscopic 
optics enables to preserve the lymphatic vessels 
and the gonadal artery, nothing that cannot equally 
be achieved by the subinguinal open microsur- 
gery. Finally, some authors [13] believe that prof- 
itability in terms of cost-effectiveness is lower in 
the laparoscopic technique than in open surgery. 

Nowadays, with the simplification of the lapa- 
roscopic technique to a single port, the 
complications associated with multiple laparo- 
scopic ports can be avoided, achieving the same 
clinical efficacy than with conventional laparos- 
copy and open surgery [14]. 

Most pediatric urologists in the USA prefer 
the laparoscopic approach (54 %) in part because 
of its high success rate but also because it facili- 
tates the preservation of lymphatics, which in 
turn keeps the incidence of postoperative hydro- 
celes low [15-18]. While saving the artery can be 
accomplished laparoscopically, it is associated 
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Fig. 23.5 Small right inguinal incision to perform the varicocelectomy. Note the opening of the oblique muscle apo- 
neurosis (a). Exposure of pre-ligation spermatic cord elements and section of the spermatic veins (b) spermatic cord 


with a higher recurrence rate [17—19]. However, 
Zampieri et al. [19] found that saving the artery 
led to better postoperative semen parameters than 
when the artery was ligated. 


23.2.3 Retrograde and Antegrade 
Embolization or 
Sclerotherapy 
of the Spermatic Veins 


Radiological techniques of occlusion or sclero- 
therapy have been used successfully in the treat- 
ment of varicocele. They consist of the occlusion 
of the internal spermatic vein by a balloon, a coil, 
or sclerosing substances, easy preservation of 
blood and lymphatic vessels that eliminate the 
risk of testicular atrophy, and postsurgical hydro- 
cele. However, either by occlusion or sclerother- 
apy, these procedures present similar rates of 
recurrence than through retroperitoneal open or 
laparoscopic surgery. 


Retrograde Endovascular Embolization The 
first description of the spermatic vein embolization 
was performed by Iaccarino et al. in 1980 [20]. 
Embolization to occlude the spermatic vein has 
varying levels depending on the anatomy of the 
vein itself. Embolization can be performed using 
coils, balloons, or gelfoam as occluding agents. It 
is an invasive and complex imaging technique, 
which can require between 1 and 3 h to be 
performed. Note that this technique fails to be 
performed in 15 % of cases. Reported technical 
problems with embolization include difficulty in 
cannulated tributaries of testicular veins and the 
high number of parallel collateral veins, perforation 
of the vein with [21]. 


Techniques of percutaneous transluminal 
approach, either femoral or jugular, represent a 
good alternative, with success rates of 95 % 
immediate and 89-95 % long term [22-25] (Figs. 
23.6 and 23.7). In older adolescents that collabo- 
rate, they can be performed under local anesthesia, 
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/ Endovascular \ 
coil deployment 


Fig. 23.6 Transfemoral approach for varicocele embolization. X-ray figure showing the coils used for retrograde trans- 
femoral embolization (a). Scheme of transfemoral approach for varicocele embolization (b) 


with return to school life almost immediately. 
From the technical point of view, they present 
some difficulties that require good equipment 
and experience and to assume the anatomical 
variability that can be found [26]. 


Antegrade Scrotal Sclerotherapy This surgical 
technique was first described by Tauber and 
Johnson in 1993 [27], and its results were 
published in 1994 [23]. It consists of the 
isolation of a vein in the pampiniform plexus 
through a scrotal incision and to inject a 
sclerosing agent such as ethoxysclerol into the 
lumen. Data reported by several authors [28, 
29] confirm a high percentage of success with a 
very low percentage of complication, as 
persistent/recurrent varicocele was documented 
in only 5 % of the cases. A recent meta-analysis 
shows that anterograde scrotal sclerotherapy 
and microsurgical repair are superior to other 
techniques (open, retroperitoneal surgery, 
laparoscopic approach) in terms of hydrocele 
formation [30]. The lower risk of hydrocele 
formation for anterograde scrotal sclerotherapy 


in comparison with the open surgical approach 
was previously highlighted in a randomized 
prospective study [31]. 


23.3 Results of Surgical 
Techniques 


To obtain conclusions on pregnancy rates based 
on the type of repair, the information must be 
deduced from the adult population. CAYAN et al. 
[32] analyzed 36 studies to define which tech- 
nique affords the highest pregnancy rate after 
varicocele repair. They concluded that microsur- 
gical varicocelectomy is associated with higher 
spontaneous pregnancy rates and less postopera- 
tive recurrence compared to other varicocelec- 
tomy techniques and radiological embolization in 
infertile men. 

Diegidio et al. [33] reviewed pooled data from 
more than 5000 patients in 33 studies. Overall 
pregnancy rate was 38 % and the highest rate for 
the subinguinal (45 %) or inguinal (42 %) micro- 
surgical technique compared to the Palomo pro- 
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Fig. 23.7 Scheme of transjugular approach for varico- 
cele embolization 


cedure (34 %), radiological embolization (32 %), 
conventional inguinal repair (31 %), and laparo- 
scopic technique (28 %). 

A meta-analysis including two randomized 
controlled trials and three observational studies 
evaluated pregnancy rates after varicocelectomy 
among men with grade I to III varicoceles and at 
least one abnormal semen parameter [34]. The 
authors concluded that varicocele repair has ben- 
eficial effects on fertility (OR 2.87). Kim et al. 
performed a similar meta-analysis and found sig- 
nificant fixed effects (pooled OR of 4.15) [35]. 

The hormone response to varicocele repair has 
been evaluated by several authors. Fisch et al. 
examined the response to GnRH stimulation in 
boys before and after unilateral varicocele repair 
and associated testicular atrophy [36]. The FSH 


response to GnRH stimulation increased follow- 
ing surgery, but they noted that the GnRH stimu- 
lation test could not be used to determine which 
adolescent would benefit from surgical repair. 
Kolon considers that the abnormal semen 
parameters are the most reasonable measure- 
ments that are potentially predictive of future fer- 
tility [37]. All boys with varicoceles should 
undergo yearly assessment of the testicular size 
(preferably with an orchidometer for cost sav- 
ings), or every other year if the total testicular 
volume is normal, until the patient reaches Tanner 
V maturity. The patient can then be offered semen 
analysis and perhaps androgen hormone levels, 
testing pituitary, Sertoli cell, and Leydig cell 
function (LH, FSH, testosterone, anti-Miillerian 
hormone, inhibin B). A semen analysis discus- 
sion with the patient and his family should con- 
sider all individual ethical and religious concerns. 
If the total testicular volume is low, semen param- 
eters are low, androgen laboratory results are 
abnormal, or the patient is symptomatic (uncom- 
mon), varicocele correction should be discussed. 
As in adults, abnormal serial semen analyses 
with or without testicular hypotrophy are an indi- 
cation for varicocele repair. If observation remains 
to be the treatment, follow-up with an adult urolo- 
gist should be encouraged until paternity is 
achieved. It seems that all patients with varicocele 
should be followed until adulthood if we wish to 
determine during adolescence the best parameters 
that predict adult fertility. Only then we will really 
know whether we are making a difference in the 
overall testicular health of these patients [37]. 
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24.1 Polyarteritis Nodosa (PAN) 
Polyarteritis nodosa is a multisystem form of 
necrotizing vasculitis that affects the medium- 
and small-size muscular arteries of the kidney, 
liver, heart, adrenal glands, gastrointestinal tract, 
joints, spleen, lungs, and central nervous system. 
The annual incidence is estimated at 0.7/100,000, 
and males between the fourth and sixth decades 
of life are preferably affected. 

In PAN both the testis and the epididymis are 
affected [1]. In autopsy series its frequency is 
estimated, between 60 and 86 %. Only 2-18 % of 
cases are symptomatic [2]. In exceptional cases 
epididymal and/or testicular involvement is the 
first manifestation of the disease. In these cases 
the clinical symptoms may be orchitis, epididy- 
mitis, testicular torsion, or tumor [3, 4]. 

The definitive diagnosis is histological. The tes- 
tis or epididymis usually shows arterial lesions at 
different evolutionary moments (fibrinoid necrosis, 
inflammatory reaction, thrombosis, or aneurysm) 
even in the same organ. The parenchyma shows 
areas of infarction, more or less extensive at first 
and tubular sclerosis with interstitial fibrosis later. 

The etiology of PAN is unknown. Most cases 
are idiopathic. There are patients that associate 
PAN with autoimmune diseases (rheumatoid 
arthritis, lupus erythematosus), infectious dis- 
eases (hepatitis B and C, HIV), or tumor. In three 
patients with PAN testicular involvement, neo- 
plasia (prostate adenocarcinoma, acute myeloge- 
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nous leukemia, and hairy-cell leukemia and 
hepatocellular carcinoma) was associated. 
Contrary to microscopic polyangiitis, Wegener’s 
disease, and Churg-Strauss syndrome, antineu- 
trophil cytoplasmic antibodies (ANCA) are not 
present in classic PAN. 


Isolated Arteritis of the Testis and 
Epididymis With the same testicular symptoms, 
necrotizing arteritis affecting only the testis and/ 
or epididymis (isolated arteritis of the testis and 
epididymis) has been reported [5] (Fig. 24.1). In 
some cases involvement of either both the testes 
or epididymis, usually metachronous, occurs. In 
rare cases, testicular involvement may be recur- 
rent [6]. Isolated arteritis of the testis and epidid- 
ymis is occasionally associated with both 
nonseminoma [7] and seminomatous (own obser- 
vation) germ cell tumors (Fig. 24.2). 

The etiology of localized arteritis is unknown 
although the possibility has been seriously con- 
sidered that isolated arteritis represents a local 
hypersensitivity reaction of type III. This isolated 
arteritis has also been described in other organs 
such as the appendix, gallbladder, pancreas, 
breast, uterus, cervix uteri, synovium, kidney, 
skeletal muscles, and seminal vesicle. Anyway, 
in the presence of histological evidence of necro- 
tizing arteritis affecting the testis or the epididy- 
mis, clinical, hematological, and biochemical 
studies have to be performed as they are neces- 
sary to exclude a PAN-type systemic disease. 
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Fig. 24.1 PAN-type 
isolated epididymal 
arteritis. Small arterioles 
with fibrinoid necrosis are 
surrounded dense by 
lymphocyte infiltration 


Fig. 24.2 PAN-type 
arteritis of the epididymis 
associated with a testicular 
germ cell tumor 
(embryonal carcinoma). 
The vascular lesion is focal 
and segmental 


The prognosis of isolated necrotizing arteritis is 
excellent even without a steroid treatment [8, 9]. 


24.2 Henoch-Schonlein Purpura 


It is a disease of unknown etiology characterized 
by leukocytoclastic vasculitis that mainly affects 
the skin, gastrointestinal tract, joints, and kid- 
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neys. It is more common in males, and the high- 
est incidence (20 cases per 100,000) occurs 
between 4 and 6 years [10]. The incidence of 
involvement of the scrotum and its contents is 
between 2.4 and 38 % [11]. It may be unilateral 
or bilateral. The major clinical symptoms are 
pain and scrotal swelling, which are usually pre- 
ceded 1 week before by purpuric lesions on the 
skin of both legs [12, 13]. 


24.3 Wegener's Granulomatosis 


The histology of lesions in the testis and epi- 
didymis is similar to that of the skin. It is a leuko- 
cytoclastic vasculitis (involvement of small 
vessels with endothelial swelling, red cell extrav- 
asation, and infiltration by polynuclear neutro- 
phils with plenty of cariorrhesis). 

In those cases in which scrotal pain is the first 
manifestation of the disease the differential diag- 
nosis can be made with all situations that present 
with an acute scrotum and testicular torsion, tor- 
sion of the appendix testis and epididymis, epi- 
didymitis, orchitis, hernia, hydrocele, trauma, 
testicular tumor, and idiopathic scrotal edema 
[14]. An isotopic study with Tc99 and/or ecodop- 
pler dismisses the most serious testicular lesion 
of ischemia by torsion [15, 16]. 


24.3 Wegener’s Granulomatosis 


Wegener’s granulomatosis is a multisystemic dis- 
ease associated with cytosplasmic antineutrophil 
antibody (ANCA). It presents with glomerulone- 
phritis, necrotizing granulomatous inflammation 
of the medium- and small-caliber vessels of the 
upper and lower respiratory tract, and high 
ANCA levels. It is diagnosed between 45 and 
60 years of age, and its prevalence is estimated at 


Fig. 24.3 Granulomatous 
arteritis in a vessel of the 
spermatic cord. Eccentric 
vascular lesion associated 
with an infiltrate 
composed of lymphoid 
cells, macrophages and 
giant cells 
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22-157 cases per million [17]. Involvement of 
the urogenital tract is rare (less than 1 % of 
patients). Involvement of the testis occurs 
between 12.5 and 36 % of patients with urogeni- 
tal tract involvement [18]. Clinically it mimics 
orchitis. The epididymis is affected in 10 % of 
patients with clinical epididymitis [19] and iso- 
lated epididymal lesion [20] or associated with 
the testicular lesion [21] that may be the only site 
of the disease. The arteries show fibrinoid necro- 
sis with intense neutrophil infiltration, epithelioid 
cells, and multinucleated giant cells [22] (Fig. 
24.3). The result is multiple testicular infarcts. 


Granulomatous Vasculitis Associated with 
Germ Cell Tumor The presence of granulo- 
mas in the testicle is usually associated with an 
infection (mycobacteria, fungi), an autoim- 
mune disease (idiopathic granulomatous orchi- 
tis), or germ cell tumors as seminoma. 
Granulomatous vasculitis involving both peri- 
tumoral arteries and contralateral testis has 
been observed in the biopsies of two patients 
with classic seminoma in our department, in the 
absence of clinical or laboratory symptoms of 
Wegener’s granulomatosis. The infiltrate was 
circumferential, affected the media and adven- 
titia of the small arteries of the epididymis and 
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Fig. 24.4 l Granulomatous nr NI ues 
arteritis with > SYS) 
circumferential À Sy 


involvement of a vessel Ay 
associated with seminoma. $ 
The inflammatory infiltrate 
locates in the media and 
extends to the adventitia 


Fig. 24.5 Granulomatous 
arteritis associated 
seminoma, same case of 
the previous figure. The 
inflammatory infiltrate is 
rich in CD68 positive cells 


the intratesticular arteries. The infiltrate was 
characterized by the presence of abundant epi- 
thelioid and multinucleate giant cells associated 
with a small number of lymphocytes that thick- 
ened the vascular wall and stenosed the vessel 
lumen (Figs. 24.4 and 24.5). In the contralateral 
testis, the most important findings of the biopsy 
were spermatogenesis was poor, no GCNIS, 
and the presence of vasculitis. In some vessels 
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it consisted only in a dense infiltration of T 
lymphocytes in concentric rings. In the most 
advanced lesions, there were associated epithe- 
lioid cells destroying the vessel wall [23] (Fig. 
24.6). As both cases were seminomas, and these 
often show significant sarcoid reaction, it is 
possible that these vasculites were the result of 
a reaction to circulating antigens released by 
tumor cells. 


24.5 Thromboangiitis Obliterans (TAO) 


Fig. 24.6 Granulomatous |— yy 
arteritis in the contralateral 
testicular biopsy of a 
patient with seminoma. 
Dense infiltrate composed 
of lymphoid and 
epithelioid cells is shown 
in the wall of a small 
arteriole. The seminiferous 
tubules have no GCNIS 


24.4 Giant Cell Arteritis 


Granulomatous vasculitis similar to that affecting 
the temporal artery has been observed in other 
locations (heart, renal arteries, gallbladder artery 
and veins of the lower extremities). The sper- 
matic cord, testis, and epididymis vessels [24] 
may be affected in the context of a widespread 
disease. The clinical symptom is a testicular mass 
that simulates a malignant tumor [25]. Lesions 
are formed by a granulomatous reaction with 
preferably giant cells in the intima of the vessels 
centered in the internal elastic that appears frag- 
mented [26]. 

Another granulomatous vasculitis with a his- 
tological pattern similar to the temporal artery 
arteritis is Takayasu’s disease. In a 7-year-old 
patient, testicular involvement developed in the 
course of the disease [27]. 


24.5 Thromboangiitis Obliterans 
(TAO) 


Thromboangiitis obliterans is a rare disease that 
affects Asians more often than Westerners. It 
affects middle-aged and heavy-smoking men. 
The initial symptom is usually intermittent clau- 
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dication as popliteal arteries and their branches 
usually are affected. The disease is progressive 
and leads to gangrene of the extremities. In 
some patients it also affects the coronary, cere- 
bral, and mesenteric arteries. Thromboangiitis 
obliterans of the spermatic vessels can present 
either as part of a pattern of systemic involve- 
ment [28, 29] as an isolated manifestation of the 
disease [30-32] or simulating a tumor of the 
spermatic cord [33]. Lesions are recognized 
macroscopically as nodular indurations along 
the spermatic cord. 

Histologically, affectation of both arteries and 
veins is observed. The injury is typically segmen- 
tal. Lesions vary with disease duration. In the ini- 
tial lesions, a thrombus with polymorphonuclear 
microabscesses and multinucleated giant cells is 
observed. Infiltrates extend to all layers. The 
internal elastic lamina remains. In the intermedi- 
ate stage, there is a progressive organization of 
the thrombus; infiltrates are predominantly 
mononuclear, with occasional epithelioid cells 
with or without Langhans’ cells. In the latter 
case, the thrombus is recanalized, and fibrosis of 
the vascular wall without loss of elastic laminae 
occurs. Fibrosis extends and encases veins and 
nerves. The adipose tissue of the spermatic cord 
and paratesticular structures is also affected, and 
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often an ischemic paniculitis can be observed at 
the same time than steatonecrosis areas, lipogran- 
ulomas, and esteatofibrosis (Fig. 24.7). 
Macroscopic differential diagnosis arises in 
some cases with tumors of paratesticular struc- 
tures. Histologically, it has to do with PAN, arterio- 
sclerosis obliterans (ASO), and thromboembolism. 
Regarding PAN, in the TAO there is no destruction 
of the vascular wall, aneurysms are not formed, 
Fig.24.7 Thromboangiitis S 3385 
obliterans in a vessel of the E= Sii 
spermatic cord. Lesions 
affect the media and the 
adventitia and extend to 


nearby tissues as it is 
observed in evolved lesions 
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Fig. 24.8 
Thromboembolism in an 
intraparenchymal testicular 
artery. Lesions preferably 
consist of recanalization of 
the thrombus. The 
testicular parenchyma 
shows an important 
atrophy of the 
seminiferous tubules 
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and the internal elastic of the arteries is unaffected. 
The differential diagnosis between chronic lesions 
of TAO and ASO can be difficult. The presence of 
onion-like-shaped recanalizing vessels in the 
occluded arteries, adventitial fibrosis without 
medial fibrosis, swelling of the endothelium of the 
vasa vasorum, and edema beneath the external 
elastic lamina are considered to be characteristic of 
the TAO [34]. Thromboembolism and TAO can 


References 


share intimal inflammation and intact media, but in 
thromboembolism inflammatory infiltrates are not 
important outside the intima, and most of the time, 
there is no involvement of veins and nerves 
(Fig. 24.8). 


24.6 Kogan’s Disease 


Kogan’s disease is an autoimmune multisystem 
disease that predominantly appears in children 
and young adults. Initially described as an asso- 
ciation of eye (interstitial keratitis) and auditory 
(sensorineural deafness and vestibular dysfunc- 
tion) disease, it may occur with other types of eye 
disease and systemic vasculitis [35, 36]. In 5 % of 
patients with Kogan’s disease, unilateral testicu- 
lar swelling can be observed [37, 38]. 


24.7 Behcet's Disease 


It is a systemic vasculitis whose clinical manifes- 
tations are recurrent aphthous oral and genital 
ulcers, relapsing uveitis and skin lesions (follicu- 
litis, erythema nodosum-like lesions), and posi- 
tive pathergy test. Other frequent pathologies 
present are arthritis, thrombophlebitis, and vari- 
ous neurological syndromes. It has a higher prev- 
alence in countries along the ancient silk route 
extending from Japan to the Mediterranean and 
Middle Eastern countries; such prevalence is 
considerably lower in Northern European and 
North American countries, which may reflect a 
genetic predisposition as well as environmental 
triggering factors [39]. There is a strong associa- 
tion between Behget’s disease and human leuko- 
cyte antigen (HLA) type B 51 and HLA-12. 
Many patients with Behcet’s disease are B5101 
allele carriers, so this could be a marker that pre- 
disposes to the disease [40]. 

Epididymal and testicular involvement simu- 
lates orchitis or epididymis-orchitis, and its vari- 
ability is related to the geographic area and the 
age of patients. The incidence is 2 % in France, 
6 % in Turkey, 12 % in Greece, 31 % Iraq, and 
44 % in Russia [41]. The incidence of orchiepi- 
didymitis is higher in adult patients (11.3 %) than 
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in young people (7.7 %). The duration of the tes- 
ticular symptoms is 1-2 weeks, and it is believed 
to be secondary to vasculitis. One complication, 
as in other vasculites, is testicular infarction [42]. 
Very often patients with Behcet’s disease develop 
AA-type amyloidosis, which determines a poor 
prognosis [43]. 


24.8 Vasculitis Associated 
with Other Processes 


In dermatomyositis [44] and relapsing polychon- 
dritis [45], isolated cases of vasculitis with tes- 
ticular involvement have been observed. 
Treatment with the antibiotic minocycline 
induces a variety of autoimmune pathologies, 
among them vasculitis. Testicular vasculitis ful- 
filling the histological criteria of PAN has been 
described in patients with rheumatoid arthritis 
[46, 47] and rosacea [48] treated with 
minocycline. 
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25.1 Arteriolar Hyalinosis 


Arteriolar hyalinosis consists of a deposit of an 
amorphous, eosinophilic material unaccompanied 
of necrosis or inflammatory reaction, under the 
endothelium of the arterioles. The deposits adopt 
a segmental distribution, are eccentric, asymmet- 
rical, and irregular and can even stenose the arte- 
riolar lumen (Fig. 25.1). Arteriolar hyalinosis is 
frequently found in follicular spleen arterioles of 
both children and adults. In adults it is a constant 
finding in hepatic arterioles and choroidal and 
retinal arteries, changes that are closely related to 
hypertension or diabetes. It is also a common 
finding in the liver, pancreas, adrenal glands arte- 
rioles, and arterioles of members in the elderly. 
The hyalinization of testicular arterioles was 
described by Moritz and Ooldt in 1937 [1]. 


Incidence Lesions of arteriolar hyalinosis are 
rare in normal children’s testes; they are first 
observed at the end of puberty and reach their 
peak incidence at age 30 [2]. But there are situa- 
tions in which the testicular hyalinization is very 
common even in infancy such as cryptorchid tes- 
tis and the androgen insensitivity syndrome. All 
types of testicular lesions (Sertoli cell-only, tubu- 
lar hyalinization, lesions of the adluminal com- 
partment, lesions of the basal compartment, and 
mixed atrophy) have been observed in the testicu- 
lar parenchyma neighbor to arterial hyalinosis in 
adults, but it is more than likely that the etiology 
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of these lesions has nothing to do with the arteri- 
olar hyalinosis, as arteriolar hyalinosis can be 
seen in testicles with an absolutely normal 
spermatogenesis. 


Histology Arteriolar hyalinosis is present in 
most adult testes. Deposits can be from punctu- 
ate — that simply displace one or two endothelial 
cells to the lumen — to large masses, which are 
crescent shaped and located under the endothe- 
lium moving the vessel lumen to an eccentric 
situation. The most affected arterioles are those 
with a diameter between 50 and 100 microns. 
The structure of deposits is generally amorphous 
with small vacuoles, sometimes near the endo- 
thelium and others close to the muscle cells of the 
media layer. Coinciding with these areas, the 
muscle layer may appear atrophic, absent, or dis- 
continuous. Within the amorphous material, one 
or more smooth muscle cells with pyknotic or 
vacuolated nucleus surrounded by a clear halo 
can be observed [3]. 


The histochemical study shows that these 
lesions are PAS positive and diastase resistant. 
Oil Red O staining highlights their high lipid 
content, in which cholesterol is shown in the 
form of needle-shaped crystals when studied 
under polarized light. With Masson trichrome 
stain, the small lesions — probably younger — 
stand out due to their affinity for the fuchsin stain 
(Fig. 25.2a, b). The more developed lesions are 
reddish stained and alternate with other greenish 
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Fig. 25.1 Arteriolar 
hyalinosis. Group 
arterioles show deposit of 
an acellular material that 
stenoses the lumens. 
Patient with testicular 
atrophy secondary to 
treatment with estrogen 
and antiandrogens to 
proceed to gender change 
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Fig. 25.2 Arteriolar hyalinosis. Deposits show a marked when examined under polarized light (b), deposits of 
fuchsinophilia with Masson trichrome (a), deposits fibrinogen (c), and IgM deposits (d) 
stained with Oil Red O show microcrystals of cholesterol 
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or less stained zones. Alcian Blue staining at dif- 
ferent pH shows little positivity in both small and 
large lesions. Using PTAH stain the whole range 
of colors, from ocher to intense red, is obtained. 
These lesions are not argyrophilic. 

Immunohistochemical studies demonstrate the 
presence of plasma proteins in all cases, although 
the type of protein varies from case to case. Not 
all lesions show the same fluorescence intensity 
with different antisera. Smaller lesions show 
greater intensity. The largest positive reactions 
were observed using the following antisera: 
fibrin, fibrinogen, IgM, and complement fraction 
BIC (Fig. 25.2c, d). Examination with most of 
the commonly used antisera is negative in some 
of the lesions. 

The ultrastructural study shows lesions at dif- 
ferent levels of the arteriolar wall. Endothelial 
cells are hypertrophic in some cases and show 
abundant granules of lipofuscins in the cyto- 
plasm. Electron deposits extend under the basal 
lamina. At low magnification, these deposits 
seem to be formed by a homogeneous material 
that is more electron dense than the basal lamina, 
interspersed by cytoplasmic processes of smooth 
muscle cells and some very osmiophilic granules. 
At high magnification the deposits show 20 nm 
granules. No fibrils with periodicity of collagen, 
fibrin, or amyloid were observed. 

In summary, deposits contain glycoproteins 
and lipids. Most proteins are immunoglobulins, 
fibrin, and fibrinogen. Lipids found are neutral 
fats and cholesterol. This composition matches 
with that found in the arteriolar hyalinosis of 
other organs [4]. Most of the material, given the 
nature of the deposits, is serum originated. The 
initial lesion could alter the endothelial cell per- 
meability. No differences were observed between 
lesions of arteriolar hyalinization discovered in 
histologically normal testicles with those seen in 
testicular biopsies performed for infertility [5] or 
in studies of autopsy specimens of elderly, dia- 
betic, or hypertensive patients. 


Differential diagnosis Lesions of arteriolar 
hyalinosis may be important in that the material 
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adopts a circumferential arrangement similar to 
that observed in amyloidosis. If this image is 
added with the fact that the lesion is not an occa- 
sional finding but affects a large number of ves- 
sels, differential diagnosis may require techniques 
to rule our amyloidosis (see later in this chapter). 
At other times the eosinophilic material in the 
arterial wall can simulate a small vessel arteritis. 
In these cases it is worth noting that the arteriolar 
hyalinosis is not associated with necrosis or 
inflammatory infiltrates. 


25.2 Disseminated Intravascular 
Coagulation (DIC) 


The testicle may be affected, like any other organ 
in patients with disseminated intravascular coag- 
ulation. Histological lesions in some cases may 
have some resemblance to arteriolar hyalinosis, 
so before issuing this diagnosis, the arteriolar 
hyalinosis should be ruled out. DIC is the mani- 
festation of an underlying systemic disorder that 
affects the clotting system in which simultane- 
ously there is a procoagulant activation, fibrino- 
lytic activation, and consumption coagulopathy 
that can lead to organ dysfunction and death. It 
appears as a complication of various diseases, 
and the course can be acute, subacute, or chronic 


[6, 7]. 


Manifestations Clinically, the following are 
considered DIC-associated disorders: obstetric 
complications such as abruptio placenta; infec- 
tions (Gram-negative sepsis, meningococcemia, 
spotted Rocky Mountain fever, histoplasmosis, 
aspergillosis, and malaria); malignancies such as 
acute promyelocytic leukemia [8], carcinomas of 
the pancreas, prostate, lung, stomach [9, 10], 
colon and rectum [11]; massive tissue damage 
(extensive surgery, trauma, and burns); major 
hemolytic transfusion reactions; and a miscel- 
lany of pictures such as acute intravascular 
hemolysis, shock, vasculitis, liver disease, heat 
stroke, snakebite, aortic aneurysms, and giant 
hemangiomas. Most testicular damages have 
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been observed in patients with sepsis or 
malignancies. 

In sepsis and especially those caused by Gram- 
negative bacteria, DIC is caused by cell mem- 
brane components either of the microorganism or 
bacterial exotoxins [12]. In large traumas, phos- 
pholipids and fat released into the circulation can 
cause hemolysis and endothelial damage and acti- 
vate the coagulation cascade. In placental abrup- 
tion it is the release of thromboplastin-like 
materials that causes the separation. In aortic 
aneurysms and cavernous hemangiomas, vascular 
stasis or local activation of the coagulation system 
is the cause, while in snakebites, it is the action of 
exogenous toxins. In the DIC associated with 
tumors, the main mechanism that triggers DIC is 
the generation of procoagulant molecules as tis- 
sue factor by tumor cells or increased tissue factor 
generated on the surface of monocytes or macro- 
phages; the factor tissue binds to factor VII, 
thereby activating factors IX and X or cancer pro- 
coagulant which is a cysteine protease that directly 
activates the factor X [13]. 


Histology Histologically, two are the most repre- 
sentative findings in DIC: bleeding and blood 
clots. There seems to be some relationship between 
the etiology and the clinical and histological 
findings. In DIC observed in patients with inflam- 


Fig. 25.3 Disseminated 
intravascular coagulation. 
Vessels in testicular 
interstitium show an 
eosinophilic material 
occupying the lumens. 
Isolated lymphoid 
infiltrates in the 
interstitium 
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matory processes, the course is usually acute, and 
the preferential histological finding is bleeding. In 
DIC associated with tumors, the condition is 
chronic, often without clinical symptoms, as hem- 
orrhagic activity may not be important and the 
preferential findings are thrombi. Thrombi form 
molds in the lumen of the vessels and are fre- 
quently endothelized (Figs. 25.3 and 25.4). 


25.3 Amyloidosis 


Amyloidosis is classically defined by the extra- 
cellular deposition of a proteinaceous, insoluble, 
eosinophilic material that has appetite for Congo 
red dye and is associated with dysfunction of the 
affected organs (Fig. 25.5). The material consists 
of autologous fibrillar proteins which are added 
in three-dimensional arrangement beta-pleated 
sheets, as seen by x-ray diffraction analysis [14]. 
The incidence of amyloidosis is estimated at nine 
cases per million patients per year. 

The biochemical composition of amyloid 
material is not uniform. Twenty-five different 
fibrillar proteins have been distinguished through 
immunohistochemical and biochemical studies 
[15]. The common link of all of them is the ability 
to form aggregates leading to amyloid deposits. 
Amyloid deposition may be local or systemic and 
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Fig. 25.4 Disseminated 
intravascular coagulation. 
Longitudinal and cross 
section of testicular vessels 
partially occupied by 
endothelialized thrombi 


Fig. 25.5 Testicular 
amyloidosis. Three vessels 
in testicular interstitium 
present a circumferential 
thickening by the deposit 
of an eosinophilic material 
on their wall 


can affect any organ. The distribution pattern is 
related to the origin and type of fibrillar protein. 


Diagnosis The diagnosis is based on histological 
examination. Rectal biopsy provides a sensitivity 
of 75-85 % [16]. The minor salivary gland biopsy 
provides a sensitivity of 85-100 % to detect AA 
and AL amyloidosis and is much lower for the 
remaining amyloidosis [17]. Subcutaneous abdom- 
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inal fat tissue aspiration offers results similar to 
those of the rectal biopsy [18]. The results of biop- 
sies of the skin, tongue, bone marrow, peripheral 
nerves, and endocardium are related to the type of 
amyloidosis, its extent, and generally are much 
lower than those achieved with other techniques. 
Testicular biopsy is a valuable and more sensitive 
method than rectal biopsy for diagnosing systemic 
amyloidosis [19]. 
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With H&E staining the deposits are eosino- 
philic and homogeneous (Fig. 25.6). Congo red 
staining is the most useful technique due to its 
high sensitivity and specificity for amyloid 
deposits that differentiates them from other pro- 
teinaceous materials. Polarization of the prepara- 
tion highlights the amyloid by its apple-green 
birefringence; this phenomenon is due to the con- 
figuration of the amyloid fibrils (Fig. 25.7). Other 
color combinations like green-yellow, blue- 
yellow, and red-green are considered equally use- 
ful [20]. The diagnosis is complemented by 


Fig. 25.6 Epididymal 
amyloidosis. Amyloid 
deposits in the vascular 
walls are observed 
between two sections of 
the main duct of the 
epididymis 


Fig. 25.7 Multiple 
amyloid deposits in 
subendothelial location on 
the wall of a vein (Congo 
red staining. Polarized 
light observation) 
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demonstrating that congophilic deposits are 
formed by fibrils that are 7-10 nm in diameter 
under electron microscopy. 

Once the diagnosis of amyloidosis is made, 
we must identify the fibrillar protein deposited. 
Deposits of AA protein and beta2-microgrobulin 
lose affinity for Congo red when previously incu- 
bated with potassium permanganate, a fact that 
does not happen with primary amyloidosis (dys- 
crasias immune cells with amyloidosis) and other 
chemical forms of amyloidosis [21]. However 
this is a procedure of limited value when it comes 
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to distinguishing between at least 13 different 
systemic forms of amyloidosis. Differentiation of 
the most common systemic amyloidosis (AA-, 
AApoAI, Afib, AL- Alys, ATTR-, and Abeta2M 
amyloid) can be done by immunohistochemistry 
[22], immunogold electron microscopy [23], and 
laser microdissection with mass spectrometry 
[24]. Seventy percent of amyloidosis are primary 
amyloidosis, 20 % are localized amyloidosis, and 
the remaining 10 % are systemic forms of amy- 
loidosis [25]. 


Amyloidosis with AA deposits It is observed 
mainly in the following situations: chronic infec- 
tions, vasculitis, tumors, and familial 
Mediterranean fever. In the past many patients 
with secondary amyloidosis usually had a history 
of chronic pyogenic infections (pyelonephritis, 
bronchiectasis, empyema, etc.) or chronic granu- 
lomatous infections (tuberculosis, leprosy, 
Crohn’s disease) [26, 27]. At present it is most 
commonly associated with chronic arthritis (rheu- 
matoid arthritis, ankylosing spondylitis, psoriatic 
arthritis), vasculitis (Behcet’s disease [28] and 
giant cell arteritis [29]), drug addiction [30], and 
some tumors (Hodgkin’s disease, non-Hodgkin’s 
lymphomas, renal or bronchogenic carcinomas). 
It is more common in some European regions and 
in the developing countries. 

In 85 % of secondary amyloidosis, there is tes- 
ticular involvement. In exceptional cases the tes- 
ticular involvement is the first manifestation of 
the disease [31]. Amyloid deposits of AA seen in 
chronic infections result from a partial degrada- 
tion of an inflammation protein serum named 
serum amyloid A related (SAA). The conversion 
of the precursor protein into protein AA is locally 
developed by proteolysis in lysosomes of macro- 
phages under the influence of various factors 
such as biochemical amyloid-enhancing factor or 
glycosaminoglycans [32]. 

Familial Mediterranean fever (FMF) is an 
autosomal recessive disease common among 
North African Jews, Iraqi Jews, Armenians, 
Turks, and Arab countries of the Middle East [33, 
34]. The disease is characterized by recurrent 
attacks of fever, abdominal pain and swelling of 
the joints, and serous surfaces. Amyloidosis was 
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a classic FMF finding before the prophylactic use 
of colchicine. In the 1970s most patients devel- 
oped a systemic amyloidosis and renal failure, 
although occasionally systemic amyloidosis was 
the only manifestation of the disease [33]. The 
incidence of testicular involvement in some series 
reaches 87.5 % [19]. The scrotal pain usually 
occurs coinciding with the recurring crises, but it 
can appear in an isolated manner. Scrotal swell- 
ing and pain associated with high fever suggests 
an orchitis, but symptoms usually disappear in 
24-48 h [35]. Patients show hydrocele, thicken- 
ing of the vaginal tunica, and testicular necrosis 
in exceptional cases [36]. 


Amyloidosis with AL deposits Primary sys- 
temic amyloidosis or light chain amyloidosis 
(AL) is characterized by the deposition of kappa 
or lambda light chains in different organs such as 
the kidney, heart, or testis, caused by a clonal 
population of plasma cell in the bone marrow. It 
is the most common type of systemic amyloido- 
sis in developed countries. The testis shows amy- 
loidosis in 91 % of patients with primary 
amyloidosis. Deposits can be so important that 
can cause rapid testicular enlargement suggesting 
a tumor [37]. 

There are localized forms of AL amyloidosis 
in the skin, larynx, or urinary tract. In the male 
genital tract, they affect the prostate and the sem- 
inal vesicle [38]. Most cases of localized amyloi- 
dosis correspond to AL amyloidosis with lambda 
chains of type IV, much more amyloidogenic 
than kappa chains. These light chains are secreted 
by clones of plasma cells histologically similar to 
those of the multiple myeloma [39]. It has been 
suggested that amyloid may be formed by epithe- 
lial cells in the seminal vesicle [40]. 


Amyloidosis with Beta2M Deposits Beta2- 
microglobulin is the normal serum protein. 
Beta2M systemic amyloidosis occurs in patients 
with chronic renal failure undergoing hemodialy- 
sis for many years. Insufficient filtration by 
cuprophane membranes of the dialysis machines 
determines that serum rates of beta2M rise, pro- 
ducing deposits preferably in the synovial cap- 
sule, ligaments, joint cartilage, and intervertebral 
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disks, the visceral involvement being most fre- 
quent than was believed in the past [41]. 
Urogenital locations are rare: the prostate and the 
seminal vesicles are mainly affected [42]. In our 
autopsy series in most cases, there is involvement 
of testicular vessels, preferably veins and lymph 
vessels (Fig. 25.8). 


Amyloidosis with ‘Transthyretin (TTR) 
Deposits Transthyretin is a normal serum protein 
90 % synthesized in the liver and present in plasma 
at a concentration of 20-40 mg/ml. Inheritance 
can be autosomal dominant as in familial amyloi- 
dotic polyneuropathy [43], and familial amyloid- 
otic cardiomyopathy, or sporadic like in senile 
systemic amyloidosis. The most common site of 
TTR amyloidosis in the genital tract is the seminal 
vesicle. In some cases of familial amyloidotic 
polyneuropathy, it can also affect the testicle [44]. 


Hereditary Amyloidosis Apolipoprotein 
A-I APOAI protein is the main component of 
high-density lipoprotein (HDL) that promotes the 
efflux of cholesterol from cells. It is coded on 
chromosome 11q23-q24 and synthesized in the 
liver and small intestine [45]. The most affected 
organs are the kidneys, heart, nerves, liver, larynx, 
and testicles, and its clinical manifestations depend 
on APOA| mutations. Testicular involvement may 


Fig. 25.8 Amyloidosis 
with beta2-microglobulin 
deposits in the 
pampiniform plexus 
affecting mainly veins and 
lymphatic vessels (Congo 
red staining) 


25 Vascular Pathology Related to Extracellular Material Accumulation 


be the first manifestation of the disease. Impaired 
spermatogenesis and hypogonadism are found in 
68 % of male carriers [46]. While testicular atro- 
phy is the standard, macroorchidism secondary to 
amyloid deposits has been observed [47]. 


Summary of Testicular Involvement in 
Amyloidosis The male genital tract is prefera- 
bly affected in reactive systemic amyloidosis, in 
some dyscrasias of immunocytes with amyloid, 
in patients undergoing hemodialysis for many 
years, and in some hereditary diseases and senile 
amyloidosis [42]. Isolated testicular involvement 
has been reported in exceptional cases [48, 49]. 
The distribution of amyloid deposits varies 
with the type of amyloidosis. In AA and AL amy- 
loidosis, arteries, veins, capillaries, and the semi- 
niferous tubules wall are affected [50]. Vascular 
deposits are preferably located in the media or 
the adventitia, resulting in a marked thickening of 
the vascular wall. In the beta2M amyloidosis, 
deposits are located in the small arteries, venules, 
and interstitium [51]. The preferred location is 
under the endothelium forming nodules that can 
determine luminal narrowing or occlusion. The 
media and adventitia are rarely affected. However, 
at pampiniform plexus level, massive deposits of 
beta2M were observed only in the adventitia of 
veins and lymphatics, without blood involve- 
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ment. The different location in the vascular wall 
may be related to the different affinity of beta 
amyloid proteins to glycosaminoglycans of the 
extracellular matrix [52, 53]. 

The testicular function in patients with amyloi- 
dosis seems to be more affected than was thought 
in the past. Only 6 % of patients with testicular 
amyloidosis have normal spermatogenesis, and 
77.7 % have secondary infertility. Azoospermia 
and hypogonadotropic hypogonadism are frequent 
[54]. The testes are usually normal or slightly 
reduced in size and often lack full spermatogenesis. 
The testicular atrophy observed has been related to 
the amyloid deposit itself, which would interfere 
with the gas diffusion, chemical agents used in the 
treatment, and hypogonadism associated with all 
consumptive diseases. Exceptionally there has 
been unilateral or bilateral megalorchia, by mas- 
sive amyloid deposition in the vascular walls, inter- 
stitium, and in the basal lamina of the seminiferous 
tubules [31, 55]. In unilateral cases a differential 
diagnosis of testicular tumor arises [49]. 
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26.1 


26.1.1 Acute Orchiepididymitis 


This is the most typical example of the presence 
of collections of polymorphonuclear leukocytes 
within the epididymal duct or forming abscesses 
both in the testis and the epididymis (Fig. 26.1). 
Acute epididymitis affects 25 out of 10,000 men 
in the UK per year [1]. Most often the etiology of 
acute orchiepididymitis is bacterial, although 
there is a high percentage of cases in which the 
germ cannot be identified [2]; viral orquioepidi- 
dimitis is rare. The different stages of life intro- 
duce peculiarities in this pathology. 


Orchiepididymitis in Childhood In childhood, 
except when it is a manifestation of a systemic 
disease such as meningitis, septicemia, or vire- 
mia [3], most epididymites occur as a result of 
lower urinary tract infection. The factors consid- 
ered to facilitate the development of infection are 
the presence of urinary tract malformations in the 
younger children, functional disturbance or void- 
ing dysfunction in the older children [4], and 
generally anorectal malformations [5]. A higher 
incidence has been suggested in uncircumcised 
children [6]. 

The most common etiologic agent is E. coli, 
followed by chemical epididymitis caused by 
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urethro-ejeculatory reflux in young children. In 
childhood 35 % of patients who present with an 
acute scrotal pain have epididymitis [7]. It is con- 
sidered more common than the testicular torsion 
[8, 9]. 


Orchioepididymitis at Puberty and in Young 
Adults The most common etiologic agents are 
gonococci and Chlamydia trachomatis, both of 
them are sexual transmission diseases (STDs). 
Gonorrhea still persists as a common cause of 
urethral infection in both developed countries 
and the third world [10], but epididymal involve- 
ment is rare [11]. It may be asymptomatic and its 
prevalence among young people leads to infertil- 
ity. Epididymitis develops during the second or 
third week of urethritis and preferentially affects 
the cauda epididymis. The diagnosis is confirmed 
with the Gram technique by showing Gram- 
negative diplococci, which must be confirmed by 
a culture of the urethral discharge. 

Chlamydia trachomatis is an organism that 
given its reduced metabolic activity becomes an 
intracellular parasite that colonizes the urethra 
and then spreads to the prostate and the epididy- 
mis. It causes 94 % of all urethritis [12]. It is 
responsible for half of the 500,000 cases of acute 
epididymitis diagnosed each year in the USA 
[13] and responsible for 67 % of all 
non-gonococcal acute epididymites in patients 
younger than 35 years without an underlying uro- 
logic pathology. Epididymitis may appear several 
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Fig. 26.1 Acute 
epididymitis in children. 
Microabscesses of 
polymorphonuclear 
leukocytes protruding into 
the main epididymal duct 


days after sexual contact. It should be suspected 
in any epididymitis accompanied by high titers of 
antibodies against chlamydia [14]. The PCR 
assay in urine, a high-sensitivity noninvasive 
technique, can be used to screen epididymitis by 
C. trachomatis [15]. Other etiologic agents that 
have to be considered are Ureaplasma urealyti- 
cum and Mycoplasma genitalium [16]. 


Orchioepididymitis in Older Adults Twenty 
six percent of acute epididymites in men over 
35 years are due to large negative bacilli [17], but 
we should not forget that another important per- 
centage is due to STDs. 

Clinical manifestations of epididymitis are 
similar in all types of epididymitis and indepen- 
dent of the etiologic agent. Epididymitis is usu- 
ally a unilateral process. The right side and the 
tail of the epididymis are more often affected. 
The presence of hydrocele is associated with 
local signs of inflammation. The differential 
diagnosis includes all causes of acute scrotum: 
orchitis, orchioepididymitis, testicular torsion, 
torsion of testicular appendages or epididymis, 
incarcerated hernia, hydrocele, and testicular 
tumor. 

Among the complications of epididymitis, the 
following ones stand out: testicular involvement, 
present in 50 % of epididymites, scrotal pyocele, 


Interpretation of Testicular Non-granulomatous Lymphoid Infiltrates 


testicular infarction secondary to vascular lesions, 


testicular abscess, fistulization of testicular 
abscess outside through a hole in the scrotum, 
testicular gangrene, and infertility. 


26.2 infiltrates Rich in Lymphocytes 
26.2.1 Primary Autoimmune Orchitis 
(Focal Orchitis) 


It is characterized by the association of infertility, 
asymptomatic orchitis associated with the pres- 
ence of antisperm specific antibodies (ASA) 
directed to the basement membrane of the semi- 
niferous tubules, absence of systemic disease, 
and a usually asymptomatic evolution. Most 
times it is a focal orchitis. Exceptionally they 
present as testicular masses [18]. 

Histologically it is characterized by the pres- 
ence of an infiltrate located around one or more 
seminiferous tubules. In the initial lesions, the 
infiltrate can contain abundant polymorphonu- 
clear leukocytes, preferably located in the very 
tubular wall between peritubular cells and the 
basal lamina. In more advanced lesions, an infil- 
trate rich in lymphocytes predominates. This 
infiltrate can extend into the seminiferous tubules 
destroying the epithelium. The density of the 
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Fig. 26.2 Focal orchitis in 
the testicular biopsy of an 
infertile patient. The 
seminiferous tubule in the 
center shows a transmural 
infiltrate of lymphoid cells. 
Macrophages are abundant 
in the tubular lumen and 
appear full of spermatozoa. 
In the remaining 
seminiferous tubules, 
marked dilation of the 
lumen suggests an 
obstruction 


lymphoid infiltrate can be so important that the 
lesion suggests lymphoma. Most cells of the 
infiltrate are T lymphocytes with a lesser number 
of B lymphocytes and macrophages. Macrophages 
are more abundant in the lumen of the tubules 
and usually appear full of spermatozoa (spermio- 
phages) (Fig. 26.2). 

The peritubular location of infiltrates in these 
orchitis suggests that these do not represent any- 
thing other than a local response to materials from 
the seminiferous epithelium, materials that may 
have reached the interstitium when the blood-testis 
barrier is broken [19, 20]. In most of these patients, 
the clinical symptoms of orchitis are absent. 

Focal orchitis has been reported in biopsies 
performed to infertile patients [21], in patients 
undergoing surgery for bilateral inguinal hernia 
[22], in vasectomized patients [23], after testicu- 
lar piercing [24], in cryptorchidic patients [25], 
in patients with recurrent torsion of the spermatic 
cord [26] (Figs. 26.3 and 26.4), and in patients 
with Crohn’s disease [27]. 


26.2.2 Chronic Nonspecific Orchitis 


In chronic orchitis the infiltrate is very varied and 
formed by plasma cells and macrophages addi- 
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tionally to lymphocytes. There is a marked tubu- 
lar atrophy and interstitial fibrosis. The term 
lymphocytic orchitis [28] describes a lesion that 
at low power magnification resembles a primary 
idiopathic interstitial granulomatous orchitis, 
although the dense lymphoid infiltrate that can 
contain follicles and the marked hyalinization of 
blood vessels are noteworthy. In most cases no 
etiologic agent is identified. 


26.2.3 Testicular Pseudolymphoma 


Testicular pseudolymphomas are benign reactive 
processes in which the proliferation of lymphoid 
tissue is so important that can lead to confusion 
with lymphoma. They consist of infiltrates rich in 
lymphocytes and plasma cells that partially or 
totally destroy the testicular parenchyma [29-31]. 

The differential diagnosis includes the follow- 
ing processes: lymphoma that is ruled out by the 
adult and polyclonal nature of the inflammatory 
cells; syphilitic orchitis that has the infiltrate rich 
in plasma cells in common, but there is no vascu- 
litis or obliterans endoarteritis; and Levaditti 
staining is negative and so are the serological 
studies for syphilis. The absence of granulomas 
or a significant number of histiocytes along with 
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Fig. 26.3 Focal orchitis 
which mainly affects one 
testicular lobule in a 
patient with history of 
recurrent torsion of the 
spermatic cord 


Fig. 26.4 Focal orchitis 


oy 


(same case as above K, . 
figure). The intense K 
lymphoid infiltrate & 
resembled lymphoma that $% 
was ruled out by 
immunohistochemistry 


the negativity of special stains allow to exclude 
idiopathic granulomatous orchitis, tuberculosis, 
leprosy, sarcoidosis, or fungal infection. In dif- 
ferential diagnosis with seminoma, although the 
lymphoid infiltrate may be prominent and in 
some cases even with very abundant lymphoid 
follicles, the search for tumor cells PLAP or 
OCT3/4 is usually not difficult. 
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26.3 Infiltrates Rich in Macrophages 
26.3.1 Macrophages with Granular 
and Eosinophilic Cytoplasm 


Ceroid granuloma of the testis and epididymis is 
a lesion characterized by a sheet of polygonal 
macrophages laden with a granular pigment 
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(ceroid) which is predominantly golden brown 
(Fig. 26.5). Ceroid is derived from lipids or lipo- 
proteins which are only partly oxidized. It is typi- 
cally located in the epididymis. When it affects 
the testis, it is located in the vicinity of the rete 
testis and can be multiple. The ceroid granuloma 
is the residual lesion of old processes as sper- 
matic granulomas, bleeding, or any other process 
entailing tissue destruction [32]. The differential 
diagnosis can be raised with Leydig cell tumor 
and malakoplakia. 


Malakoplakia It is a chronic inflammatory 
lesion characterized by the presence of dense 
macrophage infiltrates (“von Hansemann cells”) 
that have eosinophilic and granular cytoplasm 
associated with a variable number of lympho- 
cytes and plasma cells [33]. Macrophages show 
concentric laminated inclusions from 3 to 15 
microns, they are PAS positive (before and after 
digestion with diastase), von Kossa positive for 
calcium, and Perls’ iron positive (Michaelis- 
Gutmann bodies). It can affect both the testis 
and the epididymis. In the first case, macro- 
phages can be observed not only in the intersti- 
tium but inside the seminiferous tubules [34]. 
The cytoplasmic granules correspond to lyso- 


Fig. 26.5 Intratesticular 
ceroid granuloma. A lesion 
consisting of cells with 
large spherical nuclei and 
eosinophilic cytoplasms 
containing a yellowish 
pigment is observed 
neighbor to a seminiferous 
tubule 
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somes [35]. The Michaelis-Gutmann bodies 
have a characteristic structure in the form of a 
bull’s-eye, composed of concentric rings of 
hydroxyapatite crystals alternating with other 
unmineralized rings. 

This lesion is interpreted as a failure of the 
phagocytic activity of macrophages associated 
with low levels of intracellular cyclic guanosine 
monophosphate (cGMP) and diminished release 
of b-glucoronidase [36]. The most frequently cul- 
tured bacteria are Escherichia coli, Proteus, 
Klebsiella, Enterobacter, and Pseudomonas. 

Malakoplakia usually involves the urinary 
tract (58 %). The testis, alone or together with the 
epididymis, is affected in 12 % of cases of the 
urogenital tract malakoplakia [37]. There is an 
increasing incidence of malakoplakia in immu- 
nocompromised patients. 

Malakoplakia of the testis and the epididymis 
may occur as an inflammatory process with fever, 
scrotal pain, a palpable mass [38, 39], and even 
abscess formation, fistula, and suppuration; alter- 
natively, it may present as a painless intrascrotal 
mass [40, 41]. The differential diagnosis must be 
made with idiopathic granulomatous orchitis 
[33], syphilitic orchitis, orchitis by atypical 
mycobacteria and fungi, and Leydig cell tumor. 
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26.3.2 Macrophages with Clear 
Cytoplasm 


Xanthogranulomatous Orchioepididymitis 
The terms xanthogranulomatous epididymitis 
[42] and xanthogranulomatous orchitis [43, 44] 
have been introduced to describe an inflamma- 
tory process similar to xanthogranulomatous 
pyelonephritis. They are very destructive lesions. 
The inflammatory process extends, most often, to 
the neighboring soft tissue and even the scrotal 
skin. The causative organism is not specified in 
most cases. Some are caused by Gram negative; 
in other occasions a backflow of urine to the 
deferens due to bladder dysfunction has been 
observed. All have in common a resistance to 
antibiotic therapy. Lesions can be uni- [45] or 
bilateral [46]. 

Macroscopically bright yellowish masses and 
abscesses are observed. Histologically there are 
several abscesses and extensive reaction of mac- 
rophages with large vacuolated cytoplasm 
because of the high lipid content. In several cases 
the patients were diabetic (Fig. 26.6). The differ- 
ential diagnosis includes lepromatous orchitis, 
Rosai-Dorfman disease, malakoplakia, and tes- 
ticular neoplasia. 


Fig. 26.6 Xanthogranulo 
matous orchitis. Testicular 
abscess surrounded by 
abundant macrophages 
with large and pale 
cytoplasm in a diabetic 
patient 
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Whipple’s Disease This bacterial, chronic, and 
systemic disease presents clinically with the fol- 
lowing symptoms: recurrent arthritis, diarrhea, 
and weight loss, which is often associated with 
ophthalmoplegia, neuropsychiatric disorders, 
and endocarditis. It is caused by Tropheryma 
whipplei, and its incidence is estimated at | per 
1,000,000 inhabitants. When the testis is affected, 
a characteristic pattern occurs [47]. The lesions 
may be vascular, interstitial, and tubular. At a 
vessel level, a necrotizing vasculitis is observed 
with the presence of free bacilli in the vessel 
wall. In the interstitium there are clusters of 
foamy macrophages. The same cell type infil- 
trates the wall of the seminiferous tubules and 
accumulates inside them (Fig. 26.7). Macrophages 
contain rod-shaped bodies that appear as bright 
magenta at the PAS technique, before and after 
digestion with diastase (Fig. 26.8). The diagnosis 
is made with real-time quantitative PCR. The dif- 
ferential diagnosis, given the histological similar- 
ity, includes lesions caused by Mycobacterium 
avium and lepromatous bacillus. 


Leprosy The testis is infected in 10-50 % of 
patients with leprosy [48]. The involvement is 
more common in patients with lepromatous 
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Fig. 26.7 Whipple’s 
disease. Abundant we 
macrophages with foamy A 
cytoplasm are preferably 
located inside the 
seminiferous tubules 
replacing the seminiferous 
epithelium 
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Fig. 26.8 Whipple’s 
disease. Inside the 
intratubular macrophages, 
numerous PAS-positive 
rod-shaped bodies are 
observed 


leprosy followed by patients with borderline lep- 
rosy [49]. Occasionally testicular infection may 
be the first manifestation of the disease, and the 
diagnosis is made by testicular biopsy [50]. 

The histologic picture varies with the age of 
the lesion. At first, there is a perivascular lym- 
phocytic infiltrate and numerous macrophages in 
the interstitium with abundant acid-fast bacilli 
(Fig. 26.9). Subsequently the seminiferous 
tubules atrophy and Leydig cells gather to form 


nodules; blood vessels show obliterans endoar- 
teritis lesions. At the end the testicle is replaced 
with fibrous tissue, within which some lympho- 
cytes and macrophages with a few bacilli persist. 
Testicular atrophy develops in 51 % of patients 
with lepromatous leprosy [51, 52]. 


Rosai-Dorfman Disease This disease, also 
known as sinus histiocytosis with massive 
lymphadenopathy, may affect the testis. It is a 
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Fig. 26.9 The testis of a 
patient with lepromatous 
leprosy. Numerous 
macrophages in the 
interstitium with pale and 
vacuolated cytoplasm. 
Note the seminiferous 
tubules marked atrophy 


disorder characterized by the abnormal prolifer- 
ation of S100-positive histiocytes with phagocy- 
tosis of lymphocytes (emperipolesis). The 
lesions may be unilateral or bilateral. Some 
cases are associated with hematopoietic sys- 
temic diseases [53]. 


Erdheim-Chester Disease This is a non- 
Langerhans cell histiocytosis of unknown eti- 
ology. It is characterized by the presence of 
infiltrates of lipid-laden foamy hystiocytes 
which mainly affects the long bones of the 
lower extremities, the central nervous system, 
lung, heart, liver, spleen, retroperitoneum, tes- 
tis, skin, and orbit. Patients develop hypogo- 
nadotropic hypogonadism with atrophy both 
of the seminiferous tubules and the Leydig 
cells. 


Histologically there is an interstitial and intra- 
tubular infiltrate of macrophages with foamy 
cytoplasm. These cells show spherical nuclei 
without the typical configuration of Langerhans 
cells. These cells are CD68 positive and negative 
for CD1a and S100. The data considered impor- 
tant for clinical diagnosis are association with 
endocrine abnormalities, respiratory, and/or heart 
failure together with the radiological findings 
[54, 55]. 
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Histiocytosis Secondary to MHydroxyethyl 
Starch Plasma Expander (HES) In more than 
two thirds of the autopsies of adult patients, an 
increase in the number of macrophages in the tes- 
ticular interstitium can be seen. The causes are 
not known in most cases. One situation in which 
there is a large number of macrophages in the 
interstitium occurs in patients treated with 
HES. Macrophages are noted for their large size 
and multivacuolated cytoplasm, suggesting the- 
saurosis (Fig. 26.10). Studies to demonstrate 
mucopolysaccharides, starch, lipid, glycogen, 
and identifiable foreign body material with polar- 
ized light are negative. Ultrastructural studies 
show only empty vacuoles in the cytoplasm. 


The commercial HES contains a heteroge- 
neous group of molecules ranging from <10 to 
>1000 kDa. Their metabolism operates by hydro- 
lysis. Most patients had no clinical symptoms 
derived from the HES treatment, except for the 
presence of pruritus and persistent erythema [56]. 


26.4 Infiltrates Rich in Plasma Cells 

Plasma cells are an important component of the 
inflammatory infiltrates of chronic epididymitis 
and orchitis. There are three situations in which 
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Fig. 26.10 Histiocytosis 
secondary to hydroxyethyl 
starch plasma expander. 
Abundant macrophages 
with pale and 
multivacuolated cytoplasm 
are observed in the 
interstitium 


these infiltrates acquire specificity, and these 
are syphilitic interstitial orchitis, orchitis with 
IgG4-positive plasmacellular infiltrates, and a 
lesion known as plasma cell granuloma of the 
testicle. 

Patients with interstitial syphilitic orchitis 
have at first a painless increase of the testicular 
size that can simulate a testicular tumor [57]. 
When cut, the testes have gray translucent areas 
that contrast with the yellowish color of the 
healthy preserved tubules. The inflammatory 
infiltrates, rich in plasma cells, initially are more 
numerous in the mediastinum testis and interlob- 
ular septa and then extend around the seminifer- 
ous tubules. The seminiferous tubules lose the 
seminiferous epithelium, and the tubular wall 
thickens until it disappears. The arteries usually 
show obliterans endoarteritis. Small gumma can 
be observed. Eventually the inflammation recedes 
and is replaced by fibrosis. The epididymis is 
usually unaffected. 

IgG4-positive orchitis with testicular lesion 
plasmacellular infiltrates is a manifestation of 
IgG4-related disease [58]. The plasma cell granu- 
loma of the testis is a reactive process of unknown 
etiology, with predominantly adult polyclonal 
plasma cells, which differentiates it from testicu- 
lar plasmacytoma [59, 60]. 
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26.5 Mast Cells and Infertility 


Mast cells are present in the testis in approximately 
one per tubular section, and they are preferably 
located in the interstitium [61]. There is a signifi- 
cant increase in mast cells in some subfertile and 
infertile patients, especially carriers of Sertoli cell- 
only syndromes and mixed atrophy [62]. In mixed 
atrophy mast cell number increases amount to five 
per tubular section in Sertoli cell-only tubules. 
Mast cells are preferentially located in a peritubu- 
lar situation, and since they are the main source of 
tryptase, a powerful fibrotic agent, they could be 
responsible for significant changes in the wall of 
the tubules and impaired spermatogenesis [63]. 
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27.1.1 Granulomatous Orchitis 
with Necrotizing Granulomas 


Tuberculosis is an infectious disease caused by 
the bacillus Mycobacterium tuberculosis. In recent 
decades, its incidence has increased due on the one 
hand to its association with the pandemic of human 
immunodeficiency virus (HIV) and on the other 
hand to exposure of the population to immigration 
of people coming from areas where it is endemic. 
It is estimated to affect a third of the world popula- 
tion [1]. Genitourinary tuberculosis is the second 
of extrapulmonary sites. In 28 % of patients, the 
location is only genital. The organs of the male 
genital tract most affected by decreasing order of 
frequency are the epididymis, prostate, seminal 
vesicle, and testicle. Eighty-five percent of tuber- 
culous epididymitis are secondary to renal tuber- 
culosis [2]. Tuberculous orchitis is observed in 
3 % of patients with genital tuberculosis usually 
secondary to tuberculosis of the epididymis. 
Isolated cases of tuberculous epididymo-orchitis 
with no other tuberculous foci elsewhere in the 
body are rare [3]. The cases in which it affects only 
the testis are exceptional [4]. The age of patients 
with tuberculous orchiepididymitis has risen: 
72 % are older than 35 years and 18 % are over 65. 
The cases in childhood are rare. 
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Most of the time its clinical symptoms are 
very unspecific. Tuberculous epididymitis should 
be suspected in the presence of a patient with 
scrotal pain, few constitutional symptoms, and 
lack of response to conventional antibiotic or 
presence of a perineal sinus treatment [5]. In 
some cases, the sign is acute epididymitis [6], or 
an important increase in size of the testis and epi- 
didymis, suggesting a testicular tumor [7]. There 
is bilateral involvement in up to 70 % of cases 
depending on the duration of symptoms [8]. 
Diagnosis is confirmed by isolation of M. tuber- 
culosis from urine or seminal fluid. In many cases 
the histological study of material obtained by fine 
needle aspiration or of the surgical specimen is 
required. 


Histology Lesions are preferentially located in 
the tail of the epididymis (Fig. 27.1). The epi- 
didymis is enlarged associated with vas defer- 
ens thickening. The characteristic lesion of 
tuberculous granuloma consists of an eosino- 
philic area of granular material with nuclear 
debris (caseous necrosis) surrounded by epithe- 
lioid cells, Langhans’ cells, peripherally by 
lymphocytes, and more externally a fibroblast 
layer (Fig. 27.2). Adjacent granulomas may 
coalesce causing large areas of tissue destruc- 
tion. In a high percentage of cases, the presence 
of bacilli is disclosed by the Ziehl-Neelsen tech- 
nique if care is taken to fix the material in form- 
aldehyde. Bacilli are preferentially located in 
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younger granulomas, in the periphery of cheesy 
necrosis, and on the wall. In immunocompro- 
mised patients, the granulomas are composed of 
epithelioid cells and some lymphocytes, giant 
cells being rare. The number of acid-fast bacilli 
which in histological preparations are detected 
in these patients is very high. 

BCG-induced tuberculous epididymo- 
orchitis, named “BCGitis,” is rare. It results from 


Fig. 27.1 Tuberculous 
epididymitis. Nodular 
lesion located in the tail of 
the epididymis. Larger 
nodules show central 
necrosis 


Fig. 27.2 Testicular 
tuberculosis. Granuloma 
consists of a central area 
of caseous necrosis 
surrounded by epithelioid 
cells, Langhans’ giant 
cells, peripherally by 
lymphocytes, and more 
externally a fibroblast 
layer. Many epithelioid 
cells and lymphocytes 
extend among the neighbor 
seminiferous tubules 
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the use of Mycobacterium bovis in intravesical 
instillations in patients with superficial bladder 
carcinoma [9]. Histologically it is similar to clas- 
sical tuberculosis. 


Syphilis There are two forms of syphilitic orchi- 
tis: congenital and acquired. In congenital orchi- 
tis both testes are enlarged at the time of birth. 
The histological picture is similar to interstitial 
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orchitis appearing in acquired syphilis. If the 
diagnosis is delayed until puberty, the testis 
undergoes atrophy and fibrosis [10]. Acquired 
adult orchitis is a complication of the tertiary 
period and shows two histological patterns, that 
of an interstitial inflammation (see Chap. 26) or 
the gummatous type [11]. 

Syphilitic gumma are characterized by the 
presence of one or more areas of necrosis, which 
are well defined and yellowish gray and destroy 
the testicular parenchyma. Their size can be so 
large that they form a testicular mass clinically 
simulating a testicular tumor. The gummatous 
orchitis rarely is bilateral. Histologically, the 
gumma shows central coagulative necrosis remi- 
niscent of caseum, but the difference is that the 
silhouettes of the seminiferous tubules and other 
components of necrotic testicular parenchyma 
can be recognized. Surrounding this area there is 
an infiltration of lymphocytes, plasma cells, and 
some giant cells and more externally a myofibro- 
blastic reaction. In HIV patients gummatous 
necrosis is not observed [12]. Obliterative endar- 
teritis is a very common finding in all these 
lesions. To detect Treponema pallidum in biopsy 
material, some techniques can be used such as 
the Warthin-Starry silver stain or Levaditi, immu- 
nofluorescence, immunohistochemical, and PCR 
techniques in paraffin-embedded material [13]. 

Fungal orchiepididymitis is rare. The most 
common is the one caused by Blastomyces derma- 
titidis, Coccidioides immitis, Histoplasma capsu- 
latum, and Cryptococcus [14]. Isolated cases of 
abscessified epididymitis by Candida albicans 
and Torulopsis glabrata have been reported, and 
testicular affectation by Aspergillus fumigatus, 
Paracoccidioides brasiliensis, Exophiala jeansel- 
mei, and Sporothrix schenckii is known. All of 
them share the characteristic of being destructive 
lesions with necrosis or abscesses and granulomas 
similar to those of tuberculosis. 


Blastomycosis Most are caused by 
Blastomyces  dermatitidis. Blastomycosis is 
endemic in the valleys of the Mississippi, 
Missouri, and Ohio rivers. Unlike other inflam- 
matory processes, blastomycosis can affect 
patients without immune defects. 


Cases 


The lung affectation is the most common 
manifestation. The genitourinary apparatus is 
affected in up to 20 % of systemic infections 
[15]. In decreasing order of frequency, prostate, 
epididymis, testes, and seminal vesicles are 
involved. The affected organs have small 
abscesses, which provide a cheesy appearance at 
the section. Histologically, inside the inflamma- 
tory cells or in the cytoplasm of giant cell of 
granulomas, there are fungi 8—15 microns in 
diameter with a double refraction contour, posi- 
tive for PAS and silver methenamine [16]. 


Coccidioidomycosis It is an endemic disease in 
the semiarid regions of Western USA, Mexico, 
Central America, and South America. It is caused 
by Coccidioides immitis. Extrapulmonary sites 
are rare (1 %). It may present as a localized dis- 
ease in the epididymis [17] after the general 
symptoms have ceased. Epididymal lesions can 
fistulize outside. Granulomas produced by 
Coccidioides immitis are similar to those of 
tuberculosis. The diagnosis is made with the PAS 
technique, whereupon spheres of 30—60 microns 
in diameter containing numerous endospores can 
be observed [18]. 


Histoplasmosis Histoplasma capsulatum has a 
worldwide distribution. Infection is more preva- 
lent in the valleys of the Mississippi and Ohio riv- 
ers. In 90 % of cases, it manifests by a mild 
respiratory condition that may be asymptomatic. 
In the remaining cases, its severity is greater, and 
the germ is able to bring about a disseminated 
infection with serious complications in various 
organs and even death [19]. In the pre-AIDS era, 
testicular affectation appeared in 6 % of autop- 
sies of patients with disseminated histoplasmo- 
sis. Epididymitis by Histoplasma may be the 
only manifestation of the disease [20]. The 
affected organs often show areas of necrosis or 
abscesses reminiscent of a sperm granuloma 
where it is easy to identify the fungus. The latter 
measures two to five microns in diameter and 
becomes more apparent with silver techniques 
[21]. In some cases it has also been diagnosed by 
culturing Histoplasma capsulatum taken from 
semen [22]. 


244 


27 Histological Basis for the Interpretation of Granulomatous Orchitis 


Cryptococcosis Genital involvement is the man- 
ifestation of a disseminated infection whose ini- 
tial focus is usually the lung. It is a well-known 
complication after steroid therapy, orchitis being 
described as the only manifestation of cryptococ- 
cosis [23]. Cryptococcus is identified by its char- 
acteristic mucicarmine cover. 


27.1.2 Granulomatous Orchitis 
with Non-necrotizing 
Granulomas 


Brucellosis is a multisystem infectious disease. 
It is endemic in the Mediterranean countries, the 
Middle East, Central and South America, and 
India, where it causes great losses of domestic 
animals [24, 25]. The disease spreads by inges- 
tion of products such as non-pasteurized milk or 
cheese or through skin wounds. 

Epididymo-orchitis is its most common geni- 
tourinary complication, affecting more frequently 
young males [26, 27]. Genitourinary involvement 
occurs between 2 and 20 % of systemic brucel- 
losis in endemic areas. In 2 to 14 % of cases, epi- 
didymitis which may be bilateral develops. The 
percentage of patients who develop orchitis is 
very low, but it has to be suspected when there is 
an increase in testicular size in a patient with 
undulant fever, malaise, chills, sweating, arthral- 
gia, weight loss, and headache [28]. In other 
cases these symptoms are not as alarming and 
can be confused with a testicular tumor. 

The histological picture is that of a granulo- 
matous orchitis with a lympho-histiocytic infil- 
trate and occasional noncaseating granulomas in 
the interstitium. The seminiferous tubules are 
infiltrated by inflammatory cells and eventually 
undergo atrophy. The diagnosis is made through 
the clinical and laboratory findings: blood culture 
or high Brucella agglutination titers or in a faster 
way with real-time polymerase chain reaction 
assay in urine samples [29]. Improper diagnosis 
can lead to serious complications, which in some 
series reach 39 % of cases, such as testicular 
abscess, testicular infarction or atrophy, suppura- 
tive necrosis, and infertility [30]. 


Sarcoidosis is a granulomatous systemic dis- 
ease, which mainly affects the skin, lymph nodes, 
lung, liver, and uvea. The etiology is unknown 
but has been linked to immune dysregulation in 
genetically predisposed individuals after expo- 
sure to infectious agents or environmental anti- 
gen. It is more prevalent in black people (20: 1), 
affecting individuals from 20 to 40 years [31]. It 
is estimated to affect 1: 10,000 in USA with 
about 22,500 cases annually. The genitourinary 
tract is affected only in 0.5 % of the clinically 
diagnosed cases, in 5 % of the postmortem stud- 
ies [32]. In descending order of frequency epi- 
didymis, the testis and prostate are affected. 
Around 70 cases have been reported in English 
literature. Only 75 % have epididymal affectation 
and up to 50 % of the testis is affected [33]. The 
cases of isolated testicular involvement are 
exceptional [34]. 

Most often it manifests clinically as epididy- 
mitis (with bilateral involvement in one third of 
the cases), and it is almost asymptomatic with 
nodular increase of the epididymis; other cases 
present as orchiepididymitis and some as a 
tumor. 

The histological picture is characteristic and 
consists of non-necrotizing granulomas com- 
posed of epithelioid cells, Langhans’ cells, and 
foreign body giant cells peripherally surrounded 
by fibroblasts. Typical granulomas do not have a 
ring of lymphocytes (Fig. 27.3). The giant cells 
may contain asteroid bodies, Schaumann bodies, 
or cytoplasmic birefringent crystals. 

Before issuing a diagnosis of sarcoidosis, a 
long list of processes should be ruled out that 
includes all granulomatous orchitis both bacterial 
and those produced by fungi and parasites, as 
well as granulomatous angiitis, spermatic granu- 
loma, and some germ cell tumors. Tuberculosis 
differs by the presence of caseating granulomas 
that tend to coalesce. In spermatic granuloma 
spermatozoa can be recognized for many years 
inside the giant cells. In idiopathic granuloma- 
tous orchitis, the granulomas are preferably intra- 
tubular, while in sarcoidosis they are interstitial. 
In seminomas the sarcoid reaction can be very 
important, and even sarcoidosis and seminoma 
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Fig. 27.3 Sarcoidosis. 
Granuloma consists of 
several giant cells and few 
lymphocytes. The 
surrounding seminiferous 
tubules still show 
spermatogenesis 


can be associated [35]. Immunohistochemical 
markers for seminoma cells (Oct3/4, PLAP) 
facilitate the diagnosis. 


27.1.3 Granulomatous Orchitis 
by Foreign Bodies 


Orchiepididymitis by Parasites Parasitic 
infections are rare even in the areas where para- 
sites are endemic. The agents most frequently 
affecting the genital tract are filarial worms and 
schistosomes. Lesions are basically characterized 
by the presence of a chronic inflammatory infil- 
trate with abundant eosinophils and foreign body 
giant cells related to parasite eggs or rests of dead 
worms. 


Filariasis Filariasis is caused by Wuchereria 
bancrofti, a nematode that lives in the tropical 
and subtropical regions of Africa, South America, 
Caribbean islands, Southeastern Asia, and the 
Pacific islands, where it is a major public health 
issue [36]. 

Mosquitoes transmit larvae that develop in 
the human host. Adult worms migrate to the 
lymphatic vessels of the inguinal region causing 
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funiculitis and orchiepididymitis [37]. The vas- 
cular endothelium proliferates, the lymphatic 
vessel’s lumen occludes, and an infiltrate rich in 
eosinophils develops around the worm. The lym- 
phatic stasis determines varicose lymphatic ves- 
sels and elephantiasis [38]. The lesions may 
become fibrous or calcify. The lesions may be 
recognized as hard nodules in the epididymis or 
along the spermatic cord. Testicular lesions are 
secondary to vascular lesions caused by the 
worm [39]. 


Schistosomiasis Schistosomiasis is endemic in 
Africa, the Middle East, India, China, and Latin 
America. It is estimated that 8 % of the world 
population is infected [40]. 

Involvement of the genitourinary tract is usu- 
ally caused by S. haematobium. Prostatic and 
seminal vesicle involvement leads to calcifica- 
tions, easily observed by transrectal ultrasonog- 
raphy. Worms can move to the epididymis or 
spermatic cord via the spermatic or deferential 
vein but usually do not enter the testes [41]. 

The most important lesion is a funiculitis [42], 
which can be granulomatous (reaction to eggs) or 
arteritic [43]. The lesions consist of an infiltration 
of inflammatory cells in the spermatic arteries 
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without thrombosis or eggs. They present clini- 
cally as a testicular infarction and polypoid endo- 
phlebitis [44] (Fig. 27.4). The lesion consists of 
subendothelial granulomas and sclerosis of veins 
distal to the segment containing dead worms. 
Testicular massive involvement by Schistosoma, 
clinically simulating a testicular tumor, has also 
been observed [45]. 


Fig. 27.4 Granulomatous 
endophlebitis in a vessel of 
the spermatic cord in a 
patient with 
schistosomiasis. Numerous 
giant cells in the intima are 
observed 


> 


Fig. 27.5 Orchitis in 
toxoplasmosis. Oblique 
section of a seminiferous 
tubule in which some germ 
cells can be recognized. 
Two giant cells, one inside 
the tubule, another in its 
wall with numerous 
parasites, stand out 
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Other parasites that cause testicular lesions 
are Angiostrongylus costaricensis, Dirofilaria 
repens, Enterobius vermicularis, Echinococcosis, 
and spargana. Testicular involvement has also 
been reported in visceral leishmaniasis; trypano- 
somiasis, both African and American; amebiasis; 
acanthamebiasis; malaria; and toxoplasmosis 
(Fig. 27.5). 
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27.2.1 Idiopathic Granulomatous 
Orchitis (IGO) 


This is a chronic inflammatory granulomatous 
lesion of senior persons (fifth—sixth decade, aver- 
age 59.2 years) [46], which simulates a tumor 
[47]. Clinically it can present in different ways: 
with acute testicular pain, testicular pain associ- 
ated with recurrent increased testicular size, or 
more frequently with an asymptomatic increase 
of the testicular size suggesting a tumor. Although 
it is generally a unilateral process, it can affect 
both testes. The right testis is affected with a 
slightly higher frequency (55 %) than the left one 
[48]. Its etiology is unknown, the following 
assumptions having been considered: traumatic, 
infectious, ischemic, and immunological. 

The testicle is enlarged; the cut surface is nodu- 
lar with areas of necrosis or infarction. Histologically 
two forms are distinguished, one predominantly 
tubular and the other one interstitial. In some cases 
the damage is focal and diffuse in others [49]. 

The primary tubular granulomatous orchitis is 
characterized by lesions that are centered on the 


Fig. 27.6 Idiopathic 
granulomatous orchitis. 
Two seminiferous tubules 
show marked wall 
thickening and large 
clusters of inflammatory 
cells in the lumen. The 
seminiferous epithelium is 
not recognized. Two giant 
multinucleated cells are 
inside a tubule 
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seminiferous tubule. Germ cells degenerate; 
Sertoli cells show a vacuolated cytoplasm and 
vesicular nucleus. The tubular wall adopts a 
structure in concentric rings as it is infiltrated by 
lymphocytes, plasma cells, and_ histiocytes. 
Multinucleated giant cells appear in the old tubu- 
lar lumen and also sometimes in the interstitium 
[50] (Fig. 27.6). Vascular thrombosis and arteritis 
are common findings. Spermatozoa have never 
been observed in the interstitium. 

In the primary interstitial granulomatous 
orchitis, the interstitial infiltrate predominates for 
long over the seminiferous epithelium lesion. 
The infiltrate characteristics are similar to those 
of the tubular granulomatous orchitis. Finally, in 
both cases, and without observing any phagocy- 
tosis of spermatozoa, tubular atrophy and inter- 
stitial fibrosis occur (Fig. 27.7). 

The histological pattern of these two forms of 
IGO has been linked to two classic models of 
experimental allergic orchitis [51]. The primary 
tubular granulomatous orchitis reproduces the 
orchitis transmitted by injection of serum of 
affected animals, while primary interstitial orchi- 
tis reminds the orchitis caused by the transfer- 
ence of sensitized T lymphocytes. 

The IGO diagnosis requires ruling out bacte- 
rial granulomatous orchitis, orchitis by spiro- 
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Fig. 27.7 Idiopathic 
granulomatous orchitis in 
a 65-year-old patient. The 
tunica albuginea is 
thickened. Vascular 
lesions of arteriosclerosis 
are severe. The testicular 
parenchyma has an 
abundant infiltrate both 
tubular and interstitial 


Fig. 27.8 Peritubular 
granulomatous orchitis 
associated with germ cell 
tumor. Lesions are 
centered on seminiferous 
tubules. Tubules are 
atrophic and of small 
caliber and show 
lymphocytes and giant 
cells both in the wall and 
inside the tubule 


chetes, fungi, and parasites as well as testicular 
tumors such as seminomas and lymphomas. 


27.2.2 Peritumoral Granulomatous 
Orchitis. Granulomatous 
Tubulitis 


This is an infrequent lesion that develops in the 
testicular parenchyma surrounding certain germ 
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cell tumors, especially seminoma. Granulomatous 
tubulitis is characterized by the presence of a 
granulomatous reaction that develops in the tubu- 
lar wall. The lesions begin with lymphocytic 
infiltrates that are located among myoid cells and 
the basal lamina. These infiltrates soon contain a 
large number of epithelioid cells. At the end, in 
the same area, granulomas with multinucleated 
giant cells develop. Co-incidentally with the 
seminiferous epithelium atrophy, the Sertoli cells 


27.2 Granulomatous Orchitis Preserving Testicular Architecture 


Fig. 27.9 Peritubular 
granulomatous orchitis 
associated with germ cell 
tumor. The inflammatory 
infiltrate is located in the 
tubular wall among 
myoid cells. It is 
composed of epithelioid 
cells and lymphocytes 


Fig. 27.10 Peritubular 
granulomatous orchitis 
associated with germ cell 
tumor. Granulomatous 
reaction with giant cells is 
developing in the 
thickness of the tubular 
wall. The seminiferous 
epithelium show 
secondary atrophy 


undergo oncocytic changes and disappear as the 
granulomatous infiltrate goes through the tubular 
epithelium and reaches the lumen. Everything 
suggests that it is a reaction to the tubular wall 
materials (Figs. 27.8, 27.9, and 27.10). 

This granulomatous tubulitis differs from 
both the sarcoid reaction associated with semi- 
nomas and the idiopathic granulomatous orchitis 
of the tubular type. The sarcoid reaction in the 


seminoma can be important enough to make the 
diagnosis of seminoma difficult, but it has no 
preference for the seminiferous tubules. In the 
idiopathic granulomatous orchitis of the tubular 
type, the granulomatous lesion develops concen- 
trically affecting all tubular structures. The giant 
cells appear in the central part of the tubules and 
not only in the thickness of the peritubular myoid 
cells. 
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Rete Testis Dysgenesis as a Marker 
of Undescended Testis 


28 


Manuel Nistal, Pilar González-Peramato, and 


Álvaro Serrano 


28.1 Normal Rete Testis 

The rete testis is an elongated, slightly curved 
comma-shaped structure. The thickened end is 
located in the upper pole of the testis. The rete 
testis connects the seminiferous tubules with the 
ductuli efferentes [1]. 

The rete testis is a network of interconnected 
channels and flattened cavities which are empty 
normal under conditions. According to its topog- 
raphy, three parts are distinguished: septal, medi- 
astinal, and extratesticular. 


Septal Rete 

The septal rete is composed of the tubuli recti 
which are short tubular structures that connect 
the seminiferous tubules to the mediastinal rete. 
The cranial tubuli recti end perpendicular to the 
mediastinal rete testis, while those in the caudal 
testicular region end in progressively more obtuse 
angles. Tubuli recti are trumpet shaped with a 
widened area in continuity with the seminiferous 
tubules called transition segment [2]. The diam- 
eter of the tubular zone is less than 25 microns. 
Tubuli recti are lined with cuboidal epithelial 
cells. Transition segments are lined with colum- 
nar cells similar to Sertoli anchored obliquely 
and with the apical pole directed toward the tes- 
ticular mediastinum. Some tubuli recti are very 
short or even can be missing; in this case the 
seminiferous tubules connect directly into the 
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mediastinal rete. There are approximately 1400 
holes in the septal rete for drainage of secretions 
from the seminiferous tubules [3]. 


Mediastinal Rete 

The mediastinal rete is lodged at the testicular 
mediastinum, a structure composed of dense 
fibrous connective tissue rich in collagen and 
elastic fibers. It comprises flattened and largely 
interconnected cavities that run parallel to the 
testicular surface. The lining of these cavities is 
an epithelium with two types of cells, squamous 
and columnar cells. Squamous cells are the most 
abundant; the columnar cells form small islets 
preferably located in the angled ends of the cavi- 
ties (Fig. 28.1). 

Both types of cells have a deep fold in the 
nucleus, isolated microvilli, a single cilium at the 
apical pole, and junctions in the lateral surfaces. 
In the cytoplasm there are some mitochondria, 
rough reticulum, and Golgi complex. Both cell 
types express immunostaining for vimentin and 
keratin. The epithelium lies on a basement mem- 
brane, surrounded by some myofibroblasts. 

The cavities of the rete testis are crossed 
obliquely by the chordae of the rete testis 
(Fig. 28.1). They are structures formed by paral- 
lel filiform bundles of collagen fibers with occa- 
sional fibroblasts. The chordae are covered by the 
epithelium of the rete. Capillaries can be observed 
in the thicker ones [4]. 
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Fig. 28.1 Normal adult 
rete testis. Flattened 
mediastinal rete cavities 
lined by squamous 
epithelium. Some cavities 
are crossed by the chordate 
of the rete testis 


Extratesticular Rete 

The extratesticular rete connects the mediastinal 
rete with the efferent ductules. It starts coinciding 
with lacks of continuity present in the testicular 
albuginea for the passage of the spermatic path- 
way. It comprises cavities showing a certain 
degree of dilatation. The epithelium is similar to 
the mediastinal rete testis. 

In addition to constituting the first part of the 
spermatic pathway, the rete testis contributes to 
homogenize testicular secretions and is involved 
in the secretion of various electrolytes [5] and in 
defective sperm phagocytosis [6]. 


28.2 Rete Testis Dysgenesis 
28.2.1 Definition 


Dysgenesis of the rete testis is a nonneoplastic 
lesion characterized by an inadequate matura- 
tion of the rete testis with persistence of infan- 
tile or pubertal histological characteristics in 
adults, associated with proliferation of its 
components. 

The expression of dysgenesis of the rete testis 
is a wide spectrum of images ranging from poor 
development of the cavities to hyperplasia [7]. 
All of them have in common the changes in the 
epithelial lining which becomes cuboidal or 


28 Rete Testis Dysgenesis as a Marker of Undescended Testis 


ee ee 
- So, AE 


columnar instead of the characteristic flattened 
epithelium with areas of cuboidal cells. 

This disorder involves the three segments of 
the rete testis known as septal, mediastinal, and 
extratesticular. The involvement of the septal rete 
is constant. At this level, a marked twisting of 
tubuli recti can be observed, and it is expressed in 
the histological sections as cords and tubular or 
glandular proliferations. The transitional seg- 
ments do not end abruptly at the start of the semi- 
niferous tubules but do it in an irregular fashion. 
In this way, a variable length of the seminiferous 
tubules is lined with both epithelial and Sertoli 
cells. This double cell types is easily detected by 
immunohistochemistry as, unlike Sertoli cells, 
the epithelial cells of the rete express AE1/AE3 
cytokeratin. 


28.2.2 Histological Patterns 
of Dysgenesis of the Rete 
Testis 


Three histological patterns of dysgenesis of the 
rete testis can be distinguished depending on the 
degree of development of the mediastinal and 
extratesticular rete testis, referred to as diffuse 
hypoplasia, cystic hypoplasia, and adenomatous 
hyperplasia (Table 28.1). 


28.2 Rete Testis Dysgenesis 


Diffuse Hypoplasia 

Testes with diffuse hypoplasia show an infantile 
pattern of the rete testis. It consists of winding 
cords of cuboidal cells. The lumina of the cavities 
are absent in the mediastinal rete and very scant 
in the extratesticular rete. The connective tissue 
of the mediastinum does not show the character- 
istic high grade of collagenization of adult testis. 
On the contrary, it is frequently loose and abun- 
dant (Figs. 28.2 and 28.3). 


Cystic Hypoplasia 

Testes with cystic hypoplasia of the rete testis 
share some features with diffuse hypoplasia, such 
as poor development and extension of the rete 
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and abundance of ductal or pseudoglandular 
structures, but they differ in the microcystic 
dilatation undergone by the cavities (Fig. 28.4). 
The microcystic dilatation can reach up to 500 
microns. This disorder is present in 50 % of 
undescended testes. 

Difficulties in drainage of the testicular fluid 
of seminiferous tubules could be the cause of the 
cystic transformation of hypoplastic rete testis. 
Multiple epididymal anomalies have been 
reported in cryptorchidic patients [8]. Even in 
the absence of significant anomalies, hypoplasia 
of the efferent ductules and immaturity of the 
muscular wall of the principal epididymal duct 
can be microscopically observed [9]. However, 


Table 28.1 Clues in the differential diagnosis of dysgenesis of the rete testis 


Diffuse hypoplasia | Cystic hypoplasia Adenomatous hyperplasia 
Pattern Infantile Infantile 
Architecture Cords Ducts Solid 
Pseudoglands Glandular 
Papillary 
Cribriform 
Lumen of cavities Absent RM Dilated microcysts Variable 
Scant RE Spermatozoa 
Lining cells Cuboidal Flattened/cuboidal Cuboidal/columnar 


RM rete mediastinal, RE rete extratesticular 


Fig. 28.2 Diffuse 
hypoplasia of the rete 
testis. Undescended 
testicle of an adult 
showing atrophy of the 
seminiferous tubules. The 
rete testis cavities are 
small and appear well 
separated from each other 
by an apparent increased 
mediastinum testis tissue 
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Fig. 28.3 Diffuse 
hypoplasia of the rete 
testis in a 27-year-old 
cryptorchid patient. Most 
of the rete testis consists of 
epithelial cords or small 
ducts lined by cuboidal 
epithelium 


Fig. 28.4 Cystic 
hypoplasia of the rete 
testis. The two most 
characteristic findings are 
the small size of the 
cavities and ectasia. All 
cavities are lined by a 
cuboidal epithelium 


this does not seem to be the single reason of 
microcystic dilatation, as testes with cystic 
hypoplasia of the rete testis frequently show 
seminiferous tubules lined with dysgenetic 
Sertoli cells which are unable to produce testicu- 
lar fluid after puberty. Moreover, the possibility 
of a limited capacity of fluid production by cells 
of the rete testis and a retrograde repletion of 
epididymal fluid cannot be ruled out. The last 
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possibility is improbable because these epididy- 
mides are frequently hypoplastic and the ectasia 
should produce atrophy and flattening of the epi- 
thelium that is not present in this dysgenesis of 
the rete testes. 


Adenomatous Hyperplasia Testes with adeno- 
matous hyperplasia of the rete testis show a solid/ 
glandular, papillary, or cribriform epithelial pro- 


28.2 Rete Testis Dysgenesis 


liferation that preferentially involves mediastinal 
rete similar to the adenomatous hyperplasia 
reported by Nistal in 1988 [10]. The epithelium is 
cuboidal or columnar; the cells have ovoid nuclei 
with a deep nuclear fold and peripheral nucleoli, 
are devoid of atypia, and do not show mitosis 
(Figs. 28.5, 28.6, and 28.7). In some cases sper- 
matozoa can be observed inside the cavities, sug- 
gesting that this epithelial proliferation is 
connected with the seminiferous tubules. 


Fig. 28.5 Adenomatous 
hyperplasia of the rete 
testis with glandular 
pattern. The normal 
arrangement of the rete 
testis in flattened cavities 
has been replaced by 
glandular structures lined 
by columnar epithelium 


Fig. 28.6 Adenomatous 
hyperplasia of the rete 
testis with papillary 
pattern. Numerous 
papillary projections lined 
by cuboidal epithelium 
protrude inside the cavities 
of the rete testis 


257 


28.2.3 Relationship Between 
Dysgenesis of the Rete Testis 
and Other Primary Anomalies 
of the Undescended Testis 


The dysgenetic nature of these rete testes is in 
accordance with other anomalies frequently 
observed in undescended testis and in the extra- 
testicular ductal system. 
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Fig. 28.7 Adenomatous 
hyperplasia of the rete 
testis with glandular and 
papillary patterns. 
Seminiferous tubules with 
spermatogenesis side by 
side with others showing 
cystic transformation 


In a 40-case series [11], the lesions observed 
in the seminiferous tubules were Sertoli cell-only 
syndrome (57.5 %), diffuse tubular hyalinization 
(20 %), mixed tubular atrophy (7.5 %), matura- 
tion arrest at spermatogonia level (10 %), and 
adluminal compartment pathology (5 %). 

When studying in more detail the different 
components of the seminiferous tubules and the 
interstitium, the following anomalies have been 
observed: 


— Dysgenetic Sertoli cells [11] 

— Poorly differentiated peritubular myoid cells 
[12] 

— Scarce elastic fibers [13, 14] 

— Low quantity of collagen IV and laminin in 
the tubular wall [15] 

— Morphological anomalies in Leydig cells [16, 
17] 

— Low immunoexpression of testosterone [18] 


In human cryptorchidism, epididymal anoma- 
lies have been reported in 36-79 % of cases [19- 
21]. Some of them are grossly evident such as an 
elongated loop-like epididymis, separation of the 
testis, angulation, long mesocardium, or atresia 
[20, 22]. The most frequent lesions are efferent 
ductules hypoplasia, delayed maturation of the 
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epithelium, and poor development of the muscu- 
lar layers of the principal duct of the epididymis 
[9, 23]. In about one third of cases, the epididy- 
mis show marked luminal dilation with or with- 
out association with atresia of the epididymis [8]. 

Everything indicates that both derivatives of 
the anastomosis of the testicular cords in the 
mesonephros area — primordium of the rete tes- 
tis — and the mesonephros would undergo an 
injury early during development. This abnormal- 
ity, although present at birth, in most cases would 
not be fully developed until adulthood, perhaps 
influenced by hormonal changes associated with 
puberty. 


28.2.4 Differential Diagnosis 


Dysgenesis of the rete testis with a microcystic 
pattern, and especially the adenomatous pattern, 
has to be distinguished mainly from three 
entities: 


1. Secondary pseudohyperplasia of the rete testis 
associated with atrophic testes usually through 
an inflammatory or ischemic mechanism 

2. Adenocarcinoma of the rete testis 

3. Metastatic adenocarcinoma 


References 


In the pseudohyperplasia, the lesions are focal, 
microscopic, and more often located in the septal 
rete. The mediastinal rete show minimal altera- 
tions. This lesion is associated with a pronounced 
atrophy of the seminiferous tubules, which in 
turn may even cause tubular sclerosis. 

Benign tumors of the rete testis such as adeno- 
mas in their solid and papillary variants, as well 
as cystadenomas, are unique and focal lesions 
[24], while hyperplasia of the rete testis is a dif- 
fuse lesion. 

Adenocarcinoma of the rete testis is a tumor 
with abundant mitosis infiltrating adjacent struc- 
tures [25]. Prostate carcinoma metastases are 
ruled out as they preserve the rete testis architec- 
ture. Prostatic acid phosphatase and PSA immu- 
nostaining are also useful for the differential 
diagnosis. 


28.2.5 Situations in Which 
Dysgenesis of the Rete Testis 
Can Be Observed 


Most cases of rete testis dysgenesis have been 
reported in undescended testes removed in 
adults. Careful study of the rete testis in the tes- 
ticles with germ cell tumors shows that even in 
cases in which a pagetoid pattern of infiltration 
of GCNIS is not seen, lesions resembling those 
of the dysgenesis of the rete testis with a micro- 
cystic or an adenomatous or a papillary pattern 
are frequently observed. This fact does not seem 
to be fortuitous and could be another finding to 
be added to the injuries presented by the testes of 
patients with testicular dysgenesis syndrome 
[26] (see Chap. 13). 
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29.1 Cysts of the Rete Testis 

Three types of cysts, malformative in nature, can 
be observed in the testis [1]: rete testis cysts, sim- 
ple testicular cysts, and tunica albuginea cysts. 
The first two are intraparenchymal and unrelated 
to the tunica albuginea. Cysts of the tunica albu- 
ginea originate in its thickness but can grow to 
the testicular parenchyma or outward. 

Macroscopically, what rete testis cysts have in 
common with simple cysts is the fact that both 
can be unilateral or multicameral and can be 
located some distance from the rete testis (Fig. 
29.1). Histologically, what identifies them is the 
epithelial lining as it is similar to the rete testis 
epithelium, with two cell types, flat and colum- 
nar. Immunohistochemically the cells, such as 
the epithelium of the rete testis, express cytokera- 
tin and vimentin. Chronic inflammation, fibrosis, 
or teratomatous elements should not be observed 
on the cyst walls. Sperm are very often found 
inside, so these cysts are also known as intrates- 
ticular spermatoceles [2—4] (Fig. 29.2). 

Most rete testis cysts, as happens with simple 
testicular cysts and albuginea cysts, are inciden- 
tally discovered during a routine testicular ultra- 
sound exploration [5] or are autopsy findings. In 
some patients the rete testis cysts are associated 
with cystic transformation of the rete testis and 
multiple epididymal cysts. Cyst size ranges from 
8 to 12 mm, although there are rete testis cysts of 
several cm, presenting a differential diagnosis 
with malignant tumors. 
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The differential diagnosis of rete testis cysts 
has to be done with the simple testicular cyst, the 
epidermoid cyst, and cystic teratomas (Table 
29.1). The simple testicular cyst contains a clear 
fluid and no sperm; it is lined with flat or cubic 
cells that immunohistochemically express, in 
addition to cytokeratin, mesothelial markers such 
as calretinin, D2-40, HBME-1, mesothelin, and 
thrombomodulin [6]. Under their ultrastructure 
they show multiple irregular microvilli at the 
luminal cell surface [7]. At ultrasound the epider- 
moid cyst has the characteristic image of a bull’s 
eye, and histologically it is made up of three to 
five layers of keratinized squamous epithelium. 
Cystic teratomas always have other mesodermal 
derivatives associated with cystic formations. 


29.2 Cystic Dysplasia of the Rete 
Testis 


29.2.1 Definition 


Cystic dysplasia of the rete testis is a congenital 
lesion characterized by the cystic transformation 
of an overdeveloped rete testis that can partially 
or totally replace the testicular parenchyma. 

It was described in 1973 by Leissring and 
Oppenheimer [8], who named it “cystic dysplasia 
of the testis” in a 4-year-old boy that also had 
agenesis of the right kidney. 

Cystic dysplasia of the rete testis has been 
observed in the scrotal undescended testes, in 
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both childhood and adulthood [9-15]. It may 
be unilateral or bilateral [16]. About 50 cases 
have been reported, most of them in childhood 


Fig. 29.1 Unicameral cyst of the rete testis with smooth 
and shiny surface. Autopsy finding 


Fig. 29.2 Cyst of the rete 
testis with large 
accumulations of 
spermatozoa 
(intratesticular 
spermatocele) 
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[17]. The mean age at diagnosis is 6.1 years 
(range 0-63). 

The diagnosis is suspected by clinical and 
ultrasound findings. The most common clinical 
symptom is the increased testicular size, while 
pain is very rarely seen. About 35 % of patients 
have abdominal cryptorchidism. Ultrasound 
imaging of the cystic dysplasia of the rete testis is 
characteristic: small cystic formations of differ- 
ent diameters located in the mediastinum testis 
and proximal parenchymal area that compress 
the rest of the surrounding parenchyma and small 
hyperechoic foci arising from the interface 
between the walls of the distal cysts and the sur- 
rounding parenchyma. High-resolution ultra- 
sound is the best diagnostic approach to cystic 
dysplasia of the rete testis especially when geni- 
tourinary anomalies are associated [18]. The 
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Table 29.1 Clues in the differential diagnosis of rete testis cysts 


Rete testis cyst Simple testicular cyst Epidermoid cyst Cystic teratomas 
Containing Clear fluid Clear fluid Keratin Keratin, mucus 
Sperm Yes No No No 
Lining cells Flat Flat 3-5 layers of Other mesodermal 
squamous epithelium | derivatives 
Columnar Cuboidal 
IHC CK and vimentin CK and mesothelial markers | HMW CK CK 


IHC immunohistochemistry, CK cytokeratin, HMW high molecular weight 
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MRI study shows cystic changes revealed by low 
and high signal intensities on short and long TE 
sequences, respectively, with no contrast uptake 
on postcontrast series [19]. 


29.2.2 Histological Features 


The extent of the cystic transformation varies 
from case to case. It goes from lesions just 
beyond the testicular mediastinum to the 


Fig. 29.3 Cystic 
dysplasia of the rete testis 
in a child. Marked 
dilatation of the rete testis 
cavities and irregular 
dilation of the efferent 
ductules are shown 


Fig. 29.4 Cystic 
dysplasia of the rete testis 
in a child. Rete testis 
cavities with cystic 
transformation have 
replaced the testicular 
parenchyma. The 
testicular parenchyma is 
recognized as a peripheral 
crescent 
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involvement of the greatest part of the testicle; in 
these cases it is barely recognized as a peripheral 
crescent with preserved seminiferous tubules 
(Figs. 29.3 and 29.4). In this case the macro- 
scopic aspect of the testis is characteristic of a 
sponge [20]. 

The size of the lesion varies from micro- 
scopic to 7 cm. Cystic expansions are uniform 
in size in the first situation and several cm in the 
other scenarios. Cystic formations are located in 
the septal and mediastinal rete testis; they are 
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interconnected and contain eosinophilic, acellu- 
lar, periodic acid-Schiff (PAS)-positive mate- 
rial. The covering epithelium is cuboidal or 
flattened and their cells are ultrastructural [21]; 
immunohistochemically (they express cytokera- 
tin, vimentin and WT1) they are similar to those 
of the normal rete testis [22]. The connective 
tissue that remains between the cavities is gen- 


Fig. 29.5 Cystic dysplasia 
of the rete testis in an 
adult. The cavities are 
interconnected. Its 
epithelium is flat and are 
separated by thin 
connective septa 


Fig. 29.6 Cystic 
dysplasia of the rete testis 
in an adult. A small group 
of tubules with complete 
spermatogenesis is 
located just under the 
tunica albuginea 
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erally poor in collagen and elastic fibers, similar 
to that of the testicular interstitium (Fig. 29.5). 
In some cases of cystic dysplasia of the rete tes- 
tis, the connective tissue may be so abundant 
that it partially collapses the cavities. Beneath 
the epithelium in these areas, abundant psam- 
moma bodies and small lymphoid infiltrates can 
be observed. 


Ne 


29.2 Cystic Dysplasia of the Rete Testis 


The development of the residual testicular 
parenchyma during childhood is normal in some 
cases, there is a marked spermatogonia decrease 
in the undescended testes, and a small expansion 
of the proximal part of the seminiferous tubules 
(the opening to the rete testis) is steadily shown. 
In adults with cystic dysplasia of the rete testis, 
the testes develop the characteristic pattern of an 
obstructive lesion: tubular ectasia, loss of semi- 
niferous epithelium, tubular hyalinization, and 
Leydig cell pseudohyperplasia (Fig. 29.6). 

The epididymis shows alterations in most 
cases [23]. The head of the epididymis is usually 
small; there is a small number of efferent duct- 
ules that continue to present irregular contours, 
expanded lumen, and abundant loose stroma. In 
most cases the main epididymis duct shows 
lumen dilation, epithelial atrophy that is reduced 
to a cubic epithelium with no stereocilia, and 
wall thickening. This thickening is developed at 
the expense of connective tissue (Fig. 29.7). The 
vas deference may also be dilated, and exception- 
ally there is ipsilateral absence of the vas defer- 
ens. In other cases there is a marked hypoplasia 
of the epididymis. 

There is a small number of cases where the 
overdeveloped rete testis does not show any cys- 
tic transformation. The rete testis consists of cor- 


Fig. 29.7 Sections of the 
main duct of the 
epididymis show dilated 
lumen, epithelial atrophy, 
and fibrosis of the muscle 
layers 


265 


donal or tubular structures that may take one 
third of the testicular volume. This lesion, 
described as adenomatous hyperplasia of the rete 
testis, can affect the testicles of both newborn 
babies and children. It may be unilateral or bilat- 
eral. In the unilateral cases, it is associated with 
an undescended or evanescent testicle. In the 
bilateral cases, it is associated with bilateral renal 
dysplasia. The efferent ductules may show an 
enlarged lumen and irregular contours [24]. 


29.2.3 Differential Diagnosis 


The differential diagnosis arises in childhood 
with all cystic testicular lesions that preferably 
affect the prepubertal testis, such as epidermoid 
cysts, cystic teratomas, juvenile granulose cell 
tumors, testicular lymphangiectasis, simple cysts 
of the testis, and post-torsion cystic testicular 
degeneration [14, 25, 26] (Table 29.2). The diag- 
nosis is suggested by a combination of ultrasound 
scanning (mediastinal or preferentially near the 
location of the cystic lesions and ipsilateral 
absence of renal and urinary tract abnormalities) 
and normal rates of tumor markers (alpha- 
fetoprotein, lactate dehydrogenase, and beta sub- 
unit of HCG) [27, 28]. 
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Table 29.2 Differential diagnosis of cystic dysplasia of 
the rete testis 


Children Clues 


Epidermoid cyst Ultrasound scanning 


: | 
Cystic teratoma | 
| 
| 


Juvenile granulosa cell tumor 


Testicular lymphangiectasis, | Tumor markers 


simple testicular cysts 


Post-torsion cystic testicular | 
degeneration | 


Adults 


Clues 


Middle-aged/elderly 
men. No UG 
malformation 


Cystic transformation of RT 


| Well-defined ovoid 
lesion/small uniform 
cysts 


Cystadenoma of RT 


Solid areas beside 
| cysts 


Sertoliform cystadenoma 


Solid areas besides 
cysts 


Cystadenocarcinoma of RT 


RT rete testis 
UG Urogenital 


The differential diagnosis in adults has to be 
made with cystic transformation of the rete tes- 
tis (ectasia of the rete testis) and rete testis 
tumors such as cystadenomas and cystadenocar- 
cinomas. Ectasia of the rete testis is an acquired 
condition, which often affects middle-aged and 
elderly men, caused by an obstruction of the 
spermatic ducts, and not associated with malfor- 
mations of the urogenital system. Tumors of the 
rete testis are rare. The cystadenoma is sug- 
gested in ultrasound by the image of a well- 
defined ovoid lesion, frequently located in the 
testicular mediastinum, with an extratesticular 
component and confirmed by the histological 
presence of small uniform cysts separated by 
thin connective septa. In sertoliform cystadeno- 
mas and adenocarcinomas of the rete testis, in 
addition to the presence of cystic lesions, there 
are always solid areas on ultrasound. 
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29.2.4 Associated Pathology 


The major problem of patients with cystic dyspla- 
sia is, more than the lesion itself, the high degree 
of association with ipsilateral anomalies of the 
kidney or the urinary system. The most frequent of 
these anomalies are renal agenesis (51 %) [8, 21, 
29-31], renal dysplasia (21 %), hydronephrosis 
(8 %), dilated or cystic epididymis (8 %), absence 
of ipsilateral ureteral orifice (6 %), ureteral dupli- 
cation (4 %), urethral stenosis [32], ectopic ureter 
draining into the seminal vesicle [33], ipsilateral 
renal agenesis and contralateral crossed ectopia 
[34], and the VATER association (ipsilateral verte- 
bra/anus/cardiac/trachea/esophagus/radius/renal 
anomalies) [35]. In isolated cases diagnosed both 
in children [19] and adults [36] renal anomalies 
have not been observed. 


29.2.4.1 Etiopathogenesis 

The etiology and pathogenesis of this lesion are 
unknown. However there are data to suggest that 
they are due to an early insult affecting the meso- 
nephric duct development. The insult might have 
occurred between the fourth and eighth weeks of 
pregnancy. A failure might have occurred during 
the embryonic period in the connection between 
the efferent ductules (mesonephric origin) and 
the primordium of the rete testis, a result of the 
anastomosis of the testicular cords in the area of 
influence of the mesonephros. Under normal con- 
ditions, the rete testis cavities are devoid of lumen 
during childhood, and only just as puberty pro- 
gresses do they become properly tunneled. In the 
adult it is not just a step structure for the passage 
of tubular fluid and spermatozoa, but it has the 
ability to modify fluid from the seminiferous 
tubules [37]. Various ions, proteins, and steroids 
are incorporated at this level. A primary pathol- 
ogy of the cells of the rete testis could lead to an 
abnormal function that is revealed by the produc- 
tion of a fluid at an inappropriate time and prob- 
ably of a pathological composition. The fluid 
secreted from the rete testis is unable to escape, 
which results in cystic dilatation. Since most of 
the associated renal malformations, renal agene- 
sis and renal dysplasia, can be considered as the 
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result of a lack of induction of the metanephric 
blastema by the ureteral bud, which is another 
derivative of Wolff duct, it can be concluded that 
both injuries are due to a defect in the caudal and 
cephalic ends of this conduit [16]. 

A similar cystic dysplasia of the rete testis has 
been experimentally induced by sodium intoxica- 
tion after administration of a salt-retaining hor- 
mone or deoxycorticosterone acetate in fowls 
[38], as well as by estradiol administration in 
newborn rats [39] and in deficiency of lunatic 
fringe mice [40]. 


29.2.5 Treatment 


The treatment of choice of cystic dysplasia was 
classically orchidectomy; subsequently a testis- 
sparing surgery was considered [41], and cur- 
rently a conservative therapy is recommended if 
the ultrasound diagnosis is highly suggestive of 
the disease and tumor markers (a-fetoprotein 
and hCG f6-subunit) are negative [18, 42]. 
However, it is not yet clear whether these 
attempts to save the testis are effective for pre- 
serving spermatogenesis. Physical examination 
and ultrasound control are recommended annu- 
ally. When most of the testicle is replaced by 
cystic formations, orchiectomy may be the best 
option [28]. Spontaneous regression has been 
reported in several cases [17, 43]. 

A similar cystic dysplasia involving the epi- 
didymis has been observed by our group in a 
large collection of perinatal specimens [44] (see 
Chap. 32 “Congenital Epididymis Anomalies”). 
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Defense Mechanisms 
of the Testis Against 
Testicular Fluid 
Obstruction 


30.1 


There are a number of barriers along the sper- 
matic ducts whose purpose is to minimize the 
injuries caused by a potential obstruction. 
These are primarily located at the head of the 
epididymis, the efferent ducts, and secondarily 
in the rete testis itself, lodged in the testicular 
mediastinum. 


Epididymis 

Among the multiple functions of the epididymis, 
there are those related to sperm transport, matu- 
ration, and subsequent storage in the tail; another 
very important function is to absorb the bulk of 
the testicular fluid. Testicular fluid is produced in 
the seminiferous tubules by the Sertoli cells when 
they achieve complete maturation, i.e., after 
puberty. Through a mechanism of active trans- 
port, water moves from the basal to the apical 
pole and is drained to the tubular lumen. The con- 
tractile activity of myoid peritubular cells and the 
tone and spontaneous contractions of the tunica 
albuginea are responsible for the testicular fluid 
to reach the rete testis and epididymis through the 
rete testis. 
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Efferent Ducts 

The efferent ducts originate in the extratesticular 
rete testis and end in the epididymal duct. They 
are 10-15 conduits that as they draw away from 
the testicle fold over themselves in ever-widening 
spirals (vasculose cones). Then they branch and 
re-anastomose resulting in a network. Up to 
seven kinds of tubes have been described with 
different epithelia and eight different types of 
connections [1]. At the end, the ducts terminate 
in the epididymal duct with both termino-termi- 
nal and termino-lateral junctions [2]. 

They are lined with simple columnar epithe- 
lium formed by principal cells and ciliated cells 
and a wall with contractile cells [3]. 

The principal cells have a pale nucleus, basal, 
with deep folds. They have numerous microvilli 
on the apical pole forming a brush border and 
under it a well-developed endocytic apparatus 
consisting of coated pits, apical tubules, endo- 
somes, multivesicular bodies, and lysosomes. 
The tubular fluid is internalized into lysosomes 
where it is subjected to the action of proteolytic 
enzymes [4]. 

The ciliated cells are 25-40 microns tall. The 
nucleus is large, spherical, and euchromatic, and 
it is located in the middle portion of the cyto- 
plasm. Most organelles are located at the apical 
pole. These include mitochondria, distributed 
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between the basal bodies of cilia. These cells 
have, although in small amounts, one endocytic 
apparatus. While the ciliated cells are joined by a 
well-developed juxtaluminal complex union 
(occludens zonule, zonula adherens, and macula 
adherens), among the principal cells, of which 
there are different types, tight junctions 
(occludens zonules) dominate, so that the joints 
are segmental or incomplete. This gives the epi- 
thelium multiple weaknesses that may facilitate 
fluid movement [5]. 

An important role in the absorption of tubular 
fluid depends on the collaboration of different 
aquaporin water channels that allow the quick 
removal of the tubular fluid and the coexistence 
of lectin-reactive apical cytoplasmic granules 
and vacuoles that form part of an endophytic unit 
specialized in capturing materials from the 
lumen. This mechanism is similar to what hap- 
pens in the proximal convoluted tubules of the 
kidney where more than 80 % of the glomerular 
fluid is absorbed [6]. 

The trophic state of the efferent ducts is 
mainly due to androgens that arrive by the cana- 
licular pathway [7]. Epithelial cells have estrogen 
receptors. ESR1 has a crucial role in the regula- 
tion of testicular fluid reabsorption [8]. 

Other mechanisms that prevent retrograde 
flow are in the testicular mediastinum and 
involve both the rete testis and the stroma where 
they are located. Two structures are involved in 
the rete testis, the chordae rete and the initial 
segment of the tubuli recti (septal rete). The 
chordae rete is anchored obliquely to the side 
walls of the cavities of the mediastinal rete and 
prevents the loosening of same. The initial seg- 
ment of the tubuli recti is funnel shaped with its 
widest part coupled to the seminiferous tubules. 
It is just at this level that there is a coating of 
cylindrical cells, modified Sertoli cells, whose 
major axis is inclined toward the rete testis act- 
ing as a valve that prevents the fluid from rete 
testis from reversing into the seminiferous 
tubules [9]. The connective tissue of the testicu- 
lar mediastinum is a dense connective tissue 
with fibroblasts, myoid cells, and abundant col- 
lagenous and elastic fibers that prevent the 
expansion of the structures that traverse it. 


30.2 Concept of Acquired Cystic 
Transformation of the Rete 
Testis (ACTRT) 


30.2.1 Definition 


Acquired cystic transformation of the rete testis 
is defined by the presence of cystic dilations in 
the testicular mediastinum containing sperm, 
associated with partial or complete epididymal 
obstruction. 

This lesion is also known as “cystic ectasia of 
the rete testis” and “tubular ectasia of the rete tes- 
tis.” It was discovered on ultrasound in 1992 by 
Weingarten, who named it “tubular ectasia within 
the mediastinum testis” [10]. The lesion was 
observed in 11 patients, and, although there was 
no histological evidence, the author advanced its 
benign nature. Histological studies are rare [11]. 
The lesion size varies from 10 to 43 mm. 

It is a benign condition usually found in 
patients older than 50 years. The mean age of 
patients is 62 years [12]. The incidence of ACTRT 
is higher than previously thought. It is observed 
in 2.6 % [13] to 4.3 % [14] of ultrasound studies 
in adults. According to histological studies in 
adult autopsies, the incidence is 11.9 % [15]. 
Most often it is an incidental finding on scrotal 
sonograms with a variety of presentations. The 
most frequent presentation is scrotal swelling and 
enlargement with physical findings consistent 
with testicular tumor, suspected hydrocele, epi- 
didymal cysts or spermatoceles, epididymitis, 
traumatic injuries, and infertility. It is bilateral in 
one third of cases. Its presentation may be asym- 
metrical [14]. 


30.2.2 Diagnosis 


The diagnosis is made by ultrasonography, when 
an ovoidal tight cluster of small and anechoic 
cystic lesions located in the mediastinum testis is 
observed. No solid component is visible between 
the cystic spaces [16-18]. Its sonographic appear- 
ance varies according to the size of the lesion. In 
mild cases a tiny branching pattern of the rete tes- 
tis is seen, making it difficult in some cases to 
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differentiate it from the normal sonographic 
appearance of the rete testis [19]. At the opposite 
pole, cysts of more than 1 cm in diameter sur- 
rounding the central area of cystic transformation 
can be observed. In over half of the cases, there 
are epididymal cysts [20] and occasionally rete 
testis cysts. The advantage of MRI is that the test 
can be done with application of contrast agents 
(gadolinium), and the organ can be examined in 
several signal qualities. First used in 1993 [21], it 
may be useful in some cases, but its high cost and 
the fact of being a time-consuming operation 
make it unnecessary in most cases [22]. Testicular 
biopsy or orchiectomy seems unnecessary in 
most cases. 


30.2.3 Differential Diagnosis 
of the Cystic Transformation 
of the Rete Testis 


In general, the ultrasound image is diagnostic; 
however it would be considered in the differential 
diagnosis of the following conditions: cystic dys- 
plasia of the rete testis, intratesticular varicocele, 
cystadenomas and cystadenocarcinomas of the 
rete testis, rete testis dilatation associated with 
testicular tumors, and simple testicular cyst. 


— Cystic dysplasia of the rete testis is a malfor- 
mative condition characteristic of childhood 
that entails the cystic transformation of an 
overdeveloped rete testis that shows a similar- 
ity with acquired cystic transformation of the 
rete testis on the ultrasound [23]. This lesion is 
most often associated with lack of kidney or 
urinary tract disease. Its etiology appears to be 
an abnormal development of the proximal and 
distal ends of the Wolff duct. Some cases 
reported in adults actually correspond to 
acquired cystic changes of the rete testis. 

— The intratesticular varicocele is always asso- 
ciated with extratesticular varicocele. The 
ultrasound image may resemble the ectasia of 
the rete testis, but the diagnosis of varicocele 
is confirmed by showing a vascular flow in 
the cystic formations on Doppler studies 
[24-26]. 


— The rete testis cystadenoma has a characteris- 
tic ultrasound image. It is a well-circumscribed 
lesion located in the mediastinum testis with 
an often extratesticular component that can be 
associated with ectasia of the rete testis. Cysts 
are of small size with a delicate septation. 
There is absence of solid component [27]. 

— The cystadenoma sertoliform, the papillary 
cystadenoma, and the adenofibroma are rare 
tumors. All of them are located in the medias- 
tinum testis and show ultrasound findings 
similar to cystic transformation of the rete tes- 
tis; the differential diagnosis is based on the 
search of the solid areas that most of them 
show [28]. 

— The adenocarcinomas of the rete testis are 
rare tumors; most often they result in a palpa- 
ble stony mass. When associated with cysts, 
these cysts are larger, and there are associated 
solid areas on ultrasound [29]. 

— Dilations associated with testicular tumors. 
Approximately, 10 % of all testicular tumors 
contain a teratoma component. In these cases 
the symptoms are mainly a clear increase of 
the testicular size and a palpable tumor. On 
ultrasound solid areas are always observed 
together with cystic formations. The location 
of the cysts is usually eccentrical [30]. Germ 
cell tumors appear at an earlier age and are 
rarely bilateral. 


30.3 Histological Types of Cystic 
Transformation of the Rete 
Testis 


This entity is well described in the radiologic 
literature; however, its mention in the urologic 
literature is scant and even rarer in histologi- 
cal studies. The ACTRT can occur in three 
ways [11]. 


30.3.1 Simple Cystic Transformation 
of the Rete Testis 


It is the most common lesion. Cystic transforma- 
tion of the rete testis occurs while preserving the 
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normal characteristics of the epithelium. It is a 
diffuse and symmetric alteration that causes a 
harmonic expansion (Figs. 30.1 and 30.2). Its ori- 
gin is secondary to an obstructive process that 
causes obliteration of the efferent ducts, either in 
binding testis-epididymis, in epididymal itself, or 
in the initial portion of the vas deferens. This 
obstruction is explained by the following 
mechanisms: 


e Ischemic. In patients with arteriosclerosis, the 
upper epididymal artery, a small collateral 
branch of the testicular artery, is frequently 
injured making most of the caput of the epi- 
didymis ischemic [31]. The atrophy of the 
efferent ducts determines not only a loss of the 
absorptive capacity of their cells but obstruc- 
tion of testicular fluid, which accumulates in 
the rete testis. 


Fig. 30.1 Simple cystic BEE a EP CES eS 
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testis. Testicular 
mediastinum is widened 
with displacement of the 
seminiferous tubules 


Fig. 30.2 Simple cystic 
transformation of the rete 
testis. The epithelium of 
the rete testis retains the 
two types of epithelial 
cells, predominantly 
squamous cells 
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e Mechanic. Epididymal obstruction occurs in 
the following situations: 

— By extrinsic compression, as occurs in 
patients with cysts [32] and tumors of the 
epididymis and the spermatic cord, in long- 
term hematocele cases, and in some varico- 
celes. In the varicocele ectasia of the rete 
testis may occur either at an extratesticular 
level with compression of efferent ducts by 
varicose veins or at an intratesticular level 
with compression and distortion of the rete 
testis by centripetal veins. This dilation of 
the rete testis is never as intense as in the 
previously mentioned etiologies, and it is 
always asymmetric [33]. 

— By interruption of epididymal flow, simi- 
larly to patients who have undergone epi- 
didymectomy [34]. 

¢ Inflammatory. It occurs only when the head of 
the epididymis is injured either directly (by 
inflammation) or indirectly (by a residual 


e Iatrogenic. Vasectomy by itself only causes 


ectasia of the main duct of the epididymis and 
the efferent ducts, with little impact on the tes- 
ticle. As the expression of a greater absorptive 
activity, the cells of the efferent ducts develop 
granular changes in their cytoplasm (Panet- 
like changes). In some patients these passages 
rupture, inducing the development of multiple 
small sperm granulomas. In these cases, where 
there is a clear destruction of the epididymis, 
cystic transformation of the rete testis hap- 
pens. ACTRTs described in a patient who con- 
sulted for chronic testicular pain after 
epididymal cyst removal [36] or epididymec- 
tomies [34] have been reported. 


30.3.2 Cystic Transformation 


of the Rete Testis 
with Epithelial Changes 


obstruction). 


e Malformation. Malformations that more fre- 


quently cause cystic transformation of the rete 
testis are the epididymis-testicular dissociation 
and partial or total initial segment epididymis 
or vas agenesis. Among the causes of these 
malformations, there is cystic fibrosis [35]. 


Cystic transformation of the rete testis with epi- 
thelial changes is a common finding in the study 
of autopsy pathology and not uncommon in the 
study of surgical specimens [11]. Two lesions are 
combined, cubic or cylindrical metaplasia of the 
rete testis and cystic transformation of same 
(Figs. 30.3, 30.4, and 30.5). Both lesions can 


Fig. 30.3 Cystic 
transformation of the rete 
testis with epithelial 
changes. Pronounced 
dilatation of the rete testis 
cavities lined by an 
epithelium of uniform 
height 
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obey to the same causating mechanism, or a 
match may occur when several mechanisms are 
combined. It is observed in patients with chronic 
liver failure, hormonally active testicular tumors, 
and some orchitis. The most plausible mecha- 
nisms are: 


Fig. 30.4 Cystic 
transformation of the rete 
testis with epithelial 
changes. The cavities 
contain a slightly 
eosinophilic fluid. The 
lining of the cavities 
consists of cuboidal and 
columnar cells 


Fig. 30.5 Cystic 
transformation of the rete 
testis with epithelial 
changes. Groups of cubic 
and cylindrical cells 
express calretinin 


Hormonal. Experimental data are in favor of 
the hormonal theory. Varying degrees of hyper- 
plasia of the rete testis have been observed in 
mice exposed prenatally to diethylstilbestrol 


Ra 


sa 
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(37, 38]; when diethylstilbestrol was adminis- 
tered in the neonatal period, cystic transforma- 
tion of the rete testis was seen [39] and also 
obstructive azoospermia [40]. 

In chronic liver failure, epithelial changes of 
the rete testis could be secondary to increased 
estrogen, whereas cystic transformation could 
be due to atrophy of the caput epididymis by 
hypoandrogenism that usually accompanies 
these patients [41]. The efferent ducts are very 


30.3 Histological Types of Cystic Transformation of the Rete Testis 


sensitive to androgen deprivation structures. 
Neither can it be ruled out that in some of the 
elderly ACTRT patients, ischemia secondary to 
atherosclerosis emphasizes their cystic lesions. 
In estrogen-producing or HCG testicular 
tumors, epithelial metaplasia of rete testis could 
also have a hormonal mechanism. Cystic trans- 
formation in these cases, in the absence of atro- 
phy or epididymal sperm pathway obstruction, 
could be explained by a hyperproduction of 
fluid by the testicles with tumor, beyond the 
capacity of reabsorption of the efferent ducts. 

e Inflammatory. In some chronic orchitis with 
extension to the mediastinum testis and tes- 
ticular tumors with abundant lymphoid reac- 
tion, cystic transformation of the rete testis is 
observed that is generally irregular and asym- 
metrical. Epithelial changes have a reactive 
character. Not infrequently, inside the partially 
cystic cavities, an inflammatory exudate being 
reabsorbed is observed. 


30.3.3 Cystic Transformation of the 
Rete Testis with Crystalline 
Deposits 


This is also named “cystic transformation of the 
rete testis secondary to renal failure” [15]. It is a 
bilateral lesion of the adult testis characterized by 


Fig. 30.6 Rete testis 
shows mildly dilated 
cavities and refractile 
subepithelial crystalline 
deposits 
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the association of three facts: metaplasia of the 
epithelium of the rete testis, urate and oxalate 
crystal deposits, and cystic transformation of the 
rete testis (Fig. 30.6). It is a pathognomonic lesion 
of patients with chronic renal failure on dialysis. 

The crystalline deposits begin to be seen under 
the epithelium and usually do not trigger an inflam- 
matory reaction or the appearance of giant cells 
(Fig. 30.7). When they acquire certain size, they 
protrude into the cavities of the rete testis, drag- 
ging part of the epithelium as they penetrate. Then 
they reach the efferent ducts and even occlude 
them. At this level, they are often surrounded by 
foreign body giant cells. Crystalline deposits can 
also be found initially beneath the efferent ducts 
epithelium, but not in the main duct of the epididy- 
mis. The large amount of deposits in this second- 
ary oxalosis, sometimes associated with sperm 
granulomas, may mimic a testicular tumor [42]. 

The CTRT developed in these patients is 
related sometimes to obstruction of the efferent 
ducts with these and other materials and on other 
occasions to atrophy of the efferent ducts by isch- 
emia secondary to arteriosclerosis or hyperten- 
sion that is frequent in these patients. 

This lesion is somewhat similar to the cystic 
kidney lesions described in these same patients 
[43], and this is not surprising since the embryo- 
logical origin of the mesonephric tubules and its 
derivatives at the level of the testis (rete testis and 
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Fig. 30.7 Subepithelial 
oxalate’s deposits in the 
rete testis. Polarized light 
observation 


efferent ducts) are related to the embryological 
origin of the kidney. 

Cystic transformation of the rete testis with 
crystalline deposits needs some time to develop — 
the earliest lesions were observed 30 months 
after dialysis start, but they may occur earlier. 
The lesion is not observed in patients who were 
transplanted. 
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31.1 Reactive Hyperplasia 

Reactive hyperplasia is an unspecific way of rete 
testis reaction. It consists of a proliferation of 
epithelial cells in the cavities of the rete testis. 
The proliferation may take a solid or a cribriform 
pattern (Fig. 31.1). The cells in the solid pattern 
are polyhedral and have an ovoid nucleus and an 
eosinophilic cytoplasm. Isolated mitosis can be 
seen. In the cribriform form, a lattice pattern is 
observed in the cavities of the rete testis; it is 
cubic on the periphery and spindle shaped in the 
central part (Fig. 31.2). Both forms of prolifera- 
tion can be associated with the presence of granu- 
lation tissue filling some cavities or showing 
intracavitary polypoid growth. 

Reactive hyperplasia can be observed virtu- 
ally in all non-tumor and tumor processes of the 
testis, as in the adult testicular torsion, orchitis, 
epidermoid cysts, stromal tumors, germ cell 
tumors, and even primary lymphomas. 

The differential diagnosis includes three situa- 
tions: intratesticular adenomatoid tumor, adeno- 
carcinoma of the rete testis, and intracavitary 
extension of a germ cell tumor. The clearly intra- 
ductal arrangement of the proliferation and its 
multicentrality distinguish reactive hyperplasia 
from adenomatoid tumor. The absence of an infil- 
trative component is an important criterium to 
differentiate adenocarcinoma of the rete testis. 
Intracavitary proliferation could remind an infil- 
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tration by an embryonic carcinoma. The absence 
of a pagetoid pattern of infiltration by germ cell 
neoplasia in situ, and of testicular tumor in the 
neighboring parenchyma, enables to distinguish 
them. A negative CD30 immunostaining rules 
out embryonic carcinoma. The cells of the reac- 
tive hyperplasia express immunostaining for 
AE1/AE3 cytokeratin (Fig. 31.3). 


31.2 Hyperplasia with Hyaline 
Globules 


This is a reactive lesion characterized by the pres- 
ence of accumulations of hyaline eosinophilic 
globules in the epithelial cells of the rete testis 
(Fig. 31.4). The architecture of the rete testis is 
hardly affected [1]. 

In most cases the epithelium is hyperplastic 
and may sometimes adopt a cribriform or micro- 
cystic pattern. The cells show spherical nuclei 
without folds with a prominent nucleolus, and 
they lack atypia and mitosis. 

Hyaline globules measure from less than 1 
micron to over 10 microns, and they move to the 
nucleus and bulge the plasma membrane. Cells 
having multiple hyaline bodies usually have 
hyperchromatic nuclei with irregular contours. 

In the lumen of the rete testis, an eosinophilic 
material and sometimes tumor cells can be 
observed. 
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This lesion is associated with both tumors and 
inflammation adjacent to the mediastinum testis. 
It is observed in 75 % of mixed testicular germ 
cell tumors, in 47 % of seminomas, and 20 % of 
non-germ cell testicular tumors, tumors of the 
epididymis that infiltrate the testicle (adenoma- 
toid tumor) [2]. This lesion does not appear to be 
induced by a neoplastic invasion of the rete testis. 
The globules could correspond to intracytoplas- 


Fig. 31.1 Reactive 
hyperplasia of the rete 
testis. Pseudotumoral 
proliferation of epithelial 
cells of the rete testis 
taking a solid pattern 
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Fig. 31.2 Reactive 
hyperplasia of the rete 
testis. The epithelium of 
the rete testis adopts a 
cribriform pattern 
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mic accumulation of proteins extracted by the 
epithelial cells from the rete testis fluid. 

Knowledge of this lesion is useful as a similar 
image can be produced by infiltration of the rete 
testis by the endodermal sinus tumor. The positive 
staining of hyaline globules of this tumor for alpha- 
fetoprotein and the presence of atypia are very use- 
ful criteria to difference this tumor from hyperplasia 
of the rete testis with hyaline globules. 
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31.3 Adenomatous Hyperplasia of the Rete Testis 


Fig. 31.3 Reactive 
hyperplasia of the rete at 
testis. The cells of the - 
intracavitary proliferation 
express immunostaining 
for AE1/AE3cytokeratin 
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Fig. 31.4 Hyperplasia 
with hyaline globules. 
The distribution of 
hyaline globules varies 
widely in epithelial cells 
of the intracavitary 
proliferation 


31.3 Adenomatous Hyperplasia 
of the Rete Testis 


The term “adenomatous hyperplasia of rete tes- 
tis” (AHRT) was used by M. Nistal et al. in 1976 
[3] for the first time in an article about the cystic 
dysplasia of the testis in childhood to refer to an 
overdeveloped rete testis that took much of the 
testicular parenchyma and with which renal mal- 
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formations were associated (see Chap. 29). In the 
adult, adenomatous hyperplasia of the rete testis 
is a lesion characterized by diffuse proliferation 
of the tubular structures or papillary derived rete 
testis. It is preferentially located in the septal and 
mediastinal rete testis [4] (Fig. 31.5). 

The epithelium of the rete testis sometimes 
forms nodular unencapsulated growths, and 
other adopts a diffuse pattern. The size of the 
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nodules can be sufficiently large to make us 
think of a tumor. The cells are cubic or cylindri- 
cal with a deeply folded ovoid nucleus and a 
peripheral nucleolus, there is lack of atypia, and 
they do not show mitosis. There is continuity 
between the hyperplastic epithelium and the epi- 
thelium of a normal rete testis. The ultrastructure 
and immunophenotype of this epithelium is sim- 
ilar to that of the normal rete testis (Fig. 31.6). In 


Fig. 31.5 Adenomatous 
hyperplasia of the rete 
testis. Mediastinal rete 
testis has lost his 
organization in flat 
cavities arranged parallel 
to the surface; instead 
there is a cordonal and 
pseudoglandular 
proliferation. The 
epithelial lining of the 
cavities is cubic and lacks 
atypia 


Fig. 31.6 Adenomatous 
hyperplasia of the rete 
testis. The cells in 
cordonal structures and 
glandular formations 
express cytokeratins 
(immunostaining for 
AE1/AE3) 
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some cases sperm are observed inside the cavi- 
ties, suggesting that this proliferation is con- 
nected to the seminiferous tubules. Most of the 
testes show some degree of atrophy of the semi- 
niferous tubules. 

On a color Doppler echo, it is described as a 
well-circumscribed and hypoechogenic solid 
mass located in the upper pole of the testis with a 
great perilesional vascularization pattern [5]. 
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31.4 Lithiasis of the Rete Testis 


Adenomatous hyperplasia is usually an inci- 
dental finding in the study of the testes at autopsy 
[6], in undescended testicles [7, 8] or in testicles 
with germ cell tumors. 

The etiology of adenomatous hyperplasia in 
cases where it is an incidental finding of the 
autopsy is unknown, but it has been linked to hor- 
monal changes or the action of chemical agents 
[9-11]. Adenomatous hyperplasia, which is 
observed in many undescended testis and testicu- 
lar tumors, is probably a primary anomaly and is 
part of the testicular dysgenesis syndrome [12]. 

A problem emerges in connection with the tes- 
ticular dysgenesis syndrome at whose base an 
androgen/estrogen imbalance lies — to consider to 
what extent the adenomatous hyperplasia may be 
a precursor lesion of adenocarcinoma of the rete 
testis. Although experimentally in male mice the 
rete testis develops various degrees of epithelial 
hyperplasia, proliferation, and papillary adeno- 
carcinoma after exposure to diethylstilbestrol 
[13], there is no record of any human case of ade- 
nocarcinoma of the rete testis attributed to expo- 
sure to diethylstilbestrol. In the reported cases of 
coexistence of the two lesions, the patients had no 
history of exposure to estrogen [14, 15]. 

Adenomatous hyperplasia must be distin- 
guished from the rete testis pseudohyperplasia 


Fig. 31.7 Microlithiasis, 
a chordae associated with 
pagetoid infiltration of 
rete testis by GCNIS 
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shown in atrophic testes, from primary tumors of 
the testis and from metastatic adenocarcinomas. 
For a differential diagnosis, see Chap. 28. 


31.4  Lithiasis of the Rete Testis 


The presence of calcifications in the rete testis is 
uncommon. They can adopt two different pat- 
terns. Sometimes calcifications are amorphous, 
very variable in size, and arranged within the 
cavities, and they are observed in the lesion 
described later as calcifying nodular intracavitary 
polypoid proliferation. At other times they are 
small concentric laminated formations that take 
the shape of microliths (Fig. 31.7). The micro- 
liths can be seen in the rete testis in different pro- 
cesses, malformation, tumors, and elderly men, 
and in these cases their meaning is completely 
different. 

The malformation that is often accompanied 
by microliths is cystic dysplasia of the rete testis. 
Calcifications isolated or forming clusters are 
arranged in the periphery of the cystic lesions in 
relation to the residual testicular parenchyma. 
Both are located under the epithelium of the rete 
testis and inside it in relation to the eosinophilic 


material of its lumen. 
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Calcifications associated with testicular 
tumors are located subepithelially; they are also 
characteristic of microliths and are generally 
associated with testicular microlithiasis, so they 
can be considered as part of the histological 
lesions of the testicular dysgenesis syndrome. 

In elderly patients, coinciding with testicular 
atrophy of ischemic etiology, in which the rete 
adopts a cordonal appearance, a large number of 
microliths can be seen in the fibrous stroma 
beneath the epithelium. In these cases it is com- 
mon to observe microlithiasis in the epididymis 
and vas deferens [16]. 


31.5 Intracavitary Nodular 
Polypoid Calcifying 


Proliferations 


These are bilateral lesions characterized by the 
presence of pedunculated or sessile masses inside 
the cavities of the rete testis. They are formed of 
a loose connective tissue in the implantation 
base, coated with a fibrin-like cap material. The 
surface is covered by the epithelium of the rete 
testis. They are not associated with inflammation 
and may appear partially or completely calcified. 
They are observed in adult patients with poor 


Fig. 31.8 Intracavitary 
nodular polypoid 
proliferation associated 
with dystrophic 
calcification of nodular 
formations 
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peripheral perfusion (arteriosclerosis, hyperten- 
sion, gastrointestinal or brain hemorrhage, myo- 
cardial infarction). The lesions can be observed 
either isolated or associated with other acquired 
processes of the rete testis. 

Selective localization in both walls of the cav- 
ities of the rete testis and chordae may be related 
to the poor vascularization of these structures, 
which only reach the terminal branches of the 
centripetal testicular arteries. The pathogenic 
mechanism could be the following: anoxia, 
necrosis, fibrin deposits, conjunctiva prolifera- 
tion, and dystrophic calcification (Fig. 31.8). 
Differently from the growth toward the mediasti- 
num testis, the intracavitary growth may depend 
on the lower hydrostatic pressure inside the cavi- 
ties of the rete testis and the very rigid structure 
of the mediastinum testis [17]. 


31.6 Atrophy of the Rete Testis 


Atrophy of the rete testis presents with a marked 
decrease of the space taken by their cavities. The 
epithelium lining can be flat or cubic. The septal 
rete testis may adopt a pseudoglandular pattern 
as a result of the tubuli recti shortening. This 
pseudohyperplasia has been misdiagnosed as 
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adenomatous hyperplasia. It represents only the 
result of the collapse of the rete after the atrophy 
of seminiferous tubules. The epithelial changes 
can associate focal proliferation myofibroblasts 
arranged in bundles between the cavities of the 
atrophic rete. 

This is typical of patients with a lesion of the 
hypothalamic-pituitary-testicular axis, and it is 
caused by hypogonadotropic hypogonadism. It is 
also observed in patients with arteriosclerosis. In 
this case it is usually associated with mediastinal 
fibrosis and hyalinization and subepithelial 
microliths. 
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Congenital Cystic Pathology 
of the Epididymis 
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32.1 Cysts 

The cysts are the most common pathology of the 
epididymis. In principle, they could be consid- 
ered to represent a banal pathology, and this is 
true in most cases. But we should not forget that 
they may be the only expression, at a testicular 
level, of genetic alterations responsible for seri- 
ous chronic diseases. 

The incidence of epididymal cysts in pediatric 
patients who have undergone a scrotal ultrasound 
varies from 5 % [1] to 15 % of children present- 
ing with scrotal pain or mass [2]. The group next 
to puberty or at puberty is the one with the high- 
est incidence [3]. The rates are even higher in 
patients who have been exposed in utero to dieth- 
ylstilbestrol (20 %) [4] or with cystic fibrosis [5], 
hepatorenal polycystic disease [6], or von Hippel- 
Lindau disease [7-9]. The incidence increases 
with age. 


32.1.1 Histological Types 


From the pathological point of view, cysts can be 
classified in five types: simple cysts, spermato- 
celes, epidermoid cyst, nonpapillary cystadeno- 
mas, and papillary cystadenomas. For the 
epidermoid cyst, see Chap. 37 on paratesticular 
acquired tumor-like lesions. 
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Simple Cysts 

Simple cysts are usually of small size, more fre- 
quently unilateral, uni- or multilocular, and 
approximately 1 cm in diameter. They are located 
in the caput epididymis (Fig. 32.1), although 
cysts in the corpus and the cauda have also been 
reported [10]. Some cysts of larger size can cause 
scrotal discomfort, pain, or mass although most 
of them are asymptomatic. Exceptionally, an 
acute scrotum secondary to torsion of the cyst 
may occur [11, 12]. 

Histologically, all cysts are lined with a simple 
epithelium that may have different characteristics 
according to their embryological origin: meso- 
thelial, Miillerian or Wolffian remnants, efferent 
ductules, or aberrant ducts. Mesothelial cysts 
have a simple flattened epithelium that immuno- 
expresses calretinin, WT1, and D240. The 
Wolffian and Miillerian cysts have a columnar or 
pseudostratified epithelium with isolated ciliated 
cells. Wolffian-derived cysts can be distinguished 
from Miillerian-derived cysts by a lineal positive 
CD10 immunoexpression in the apical border of 
epithelial cells. Most of the cysts in boys are con- 
sidered to be originated in hormonal disorders 
during embryonic life. It has even been suggested 
that cysts of the epididymis might be part of a 
dysgenesis syndrome [13]. The treatment should 
be conservative, except for symptomatic cysts, 
those larger than 3 cm and torsioned cysts. 
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Fig. 32.1 Multiple cysts 
in the caput of the 
epididymis probably 
originated from 
embryonic remnants. 
Cystic formations are 
separated from the 
efferent ductules 


Spermatoceles 

This term refers to any type of cyst containing 
sperm [14]. Cysts can appear in the efferent duct- 
ules, in the aberrant ducts, or in the spermatic 
cord. Spermatoceles are common in the caput 
epididymis and originate from a lack of connec- 
tion to the main duct of the epididymis of an 
efferent ductule. Even under normal conditions, 
by microdissection techniques, a blind bottom 
ending has been observed. In exceptional cases 
the lack of connection is complete, and the head 
of the epididymis is thickened by cystic transfor- 
mation of the efferent ductules. It is probable that 
in childhood, some spermatoceles would have 
been diagnosed as simple cysts [15]. 

The epithelium of spermatoceles is cubic or 
columnar and formed by two cell types: ciliated 
and secretory. They contain abundant spermato- 
zoa in histological preparations can also appear 
in the pericystic tissue structures due to artifact. 
Among the sperm there are also macrophages 
full of them (spermiophages) [16], immature epi- 
thelial cells, and epithelial cells detached from 
the rete testis (small blue cells) or from the effer- 
ent ductuli [17, 18]. Spermatoceles are not always 
originated in a congenital alteration, and there are 
spermatoceles secondary to infection, trauma- 
tism, or vasectomy. An infrequent complication 


32 Congenital Cystic Pathology of the Epididymis 


of spermatocele is torsion [19] or intracystic 
hemorrhage [20]. Spermatoceles larger than 4 cm 
should be removed. 

Extra care must be taken while removing epi- 
didymal cysts, whether there are spermatoceles 
or not, because the damage that can be caused to 
the efferent ductules may originate or even aggra- 
vate an obstruction of the spermatic pathway; 
that is why a conservative approach when the 
cysts do not cause discomfort has been imposed 
[21]. However, there are cases in which, left to 
their evolution, they increase in size, compress 
the epididymis until causing atrophy, or bring 
about epididymal obstruction that has to be surgi- 
cally treated. There are series of patients with oli- 
zoospermia that after surgical removal of the cyst 
show improvement, not only in numbers but in 
the sperm motility too. 


Cystadenomas 

Nonpapillary Serous Cystadenomas Are rare 
cystic lesions in adults, and their content is a 
thick fluid without sperm. They were first 
reported by Pick and Galliano in 2005 [22]. The 
age at presentation varies from 12 to 64 years. 
They can be single or multiple and are preferably 
located in the caput epididymis. Except for one 
case, cystadenomas are unilateral. 


32.1 Cysts 

The cystadenoma lining is an epithelium simi- 
lar to nonpapillary serous tumors of the ovary. It 
is a cubic or columnar epithelium with ciliated 
cells, apical snouts, and vacuolated cytoplasm 
without papillae. They can also show lipofuscin 
pigment. The epithelium is positive for CK7, 
vimentin, EMA, estrogen receptors, progesterone 
receptors, CD15, Ca-125, MOC-31, and focally 
for CD10, and it is negative for S100, CK20, and 
calretinin [23]. 

This neoplasia is considered to originate from 
the testicular appendix or from some of the 
numerous Miillerian remnants that can be 
observed along the epididymis and paratesticular 
structures [24]. 

The treatment consists in the removal of the 
cyst. The histological study should be especially 
careful, as if an infiltrative growth is demon- 
strated, although focal, a diagnosis of cystadeno- 
carcinoma should be made because distant 
metastasis can develop. 


Papillary Cystadenoma This is a hamartoma- 
tous lesion of the caput epididymis consisting in 
papillary proliferations developed within ecstatic 
efferent ductules that arise from the epithelium of 
these ducts [25]. The first cases were reported by 
Brandt in 1921 [26], Lindau in1924 [27], and 
Sherrick in1956 [28]. 


Incidence: They account for 4 % of all epididy- 
mal tumors [29]. The presentation is bilateral in 
about 40 % of cases. The age of presentation var- 
ies from 7 to 81 years [30], although they are 
most frequently diagnosed during the second and 
the third decades of life. Approximately 60 % of 
papillary cystadenomas of the epididymis occur 
in patients with von Hippel-Lindau disease 
(VHL); in fact, papillary cystadenoma of the epi- 
didymis has been revealed as an initial stage of 
the VHL disease in several cases [31]. 

Usually, the clinical presentation is either as an 
incidental finding or in patients with von Hippel- 
Lindau disease (VHL). Papillary cystadenoma of 
the epididymis has also been reported associated 
with infertility in patients with severe oligozoo- 
spermia [32] or an obstructive azoospermia [33] 
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caused by the intratubular growth of this lesion 
[34]. It has also been reported as found during 
vasectomy in a patient with a spermatic cord 
tumor located more than 4 cm away from the 
superior testicular pole [35]. Other cases have 
been found in necropsy. The most common sign 
among symptomatic patients is a painless slowly 
growing scrotal swelling. 

VHL disease is an autosomal, dominant inher- 
ited disease with high penetrance. The prevalence 
is estimated at 2—3 per 100,000 persons [36], 
which accounts for approximately 7000 patients in 
the USA. A germline mutation in the VHL gene 
predisposes carriers to tumors in multiple organs. 
These tumors may include hemangioblastoma in 
the retina and central nervous system, renal cell 
carcinoma, paraganglioma, meningiomas, pheo- 
chromocytomas, endolymphatic sac tumor of the 
inner ear, islet cell tumor of the pancreas, adrenal 
cortex adenomas, and the development of cysts in 
different organs (liver, kidney, pancreas, adrenal 
gland, epididymis, and broad ligament) [37, 38]. 

The VHL disease gene is mapped to chromo- 
some 3, in the locus 3p25-26 [39], and it is a sup- 
pressor gene that encodes a 213-amino acid 
sequence. The VHL disease gene plays an impor- 
tant role in the suppression of the vascular endo- 
thelial growth factor (VEGF) [40]. About 
75-80 % of patients with VHL disease have a 
germline mutation of the VHL gene, while 
somatic mutations of this gene have also been 
reported in sporadic cases of hemangioblasto- 
mas, clear cell renal carcinomas [41], pheochro- 
mocytoma [42], endolymphatic sac tumor, and 
papillary cystadenomas of the epididymis. 
Therefore, diagnosis of one of these tumors 
should prompt finding out the presence of VHL 
disease. 


Diagnosis Ultrasonography is the easiest method 
to diagnose epididymal papillary cystadenoma. 
The ultrasound image shows a predominantly 
solid mass, which contains small cysts or echo- 
genic foci located in the caput epididymis, usu- 
ally associated with cystic transformation of the 
rete testis [43]. The lesion may be asymptomatic 
for months or even years. 
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Pathology A conservative treatment is recom- 
mended, and that is why, pathological studies of 
epididymal papillary cystadenomas are rare. 
Macroscopically, the lesion is well delimited, 
grayish or yellowish, with cystic or solid forma- 
tions, measuring 0.5-8 cm in diameter, and 
located in the caput epididymis. 

No histological differences have been found 
between the isolated forms of epididymal papil- 
lary cystadenoma and those forms associated with 
VHL disease. The lesion consists of cysts with 
papillary formations growing inside that occa- 
sionally can occupy the whole cystic lumen [44]. 
The cysts and the papillary formations are lined 
with identical epithelium derived from the effer- 
ent ductule epithelium. It comprises two cell types 
that recall the epithelium of the efferent ductules 
both under light microscopy and electronic 
microscopy: columnar and ciliated cells. The 
columnar cells show a hyperchromatic and spher- 
ical nucleus and a glycogen-rich, clear cytoplasm. 
The apical cytoplasm contains lipid droplets, and 
the luminal plasma membrane displays long 
microvilli and some cilia. The basal plasma mem- 
brane forms hemidesmosomes with the basal 
lamina. The axis of the papillae is formed by loose 
connective tissue that contains fenestrated capil- 
laries [45]. The lumen of cysts and ecstatic effer- 


Fig. 32.2 Papillary 
cystadenoma of the 
epididymis. The head of 
the epididymis is markedly 
enlarged. The efferent 
ductules are dilated and 
show a content ranging 
from a granular and 
eosinophilic fluid to a 
solid or papillary epithelial ? 
proliferation a 
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ent ductules contains a granular, intensely 
PAS-positive, proteinaceous, colloid-like material 
(Fig. 32.2). The stroma that surrounds the cysts 
can appear hyalinized and sometimes contains 
some psammoma bodies. Histological images 
similar to hemangioblastoma as well as lipogran- 
uloma and inflammatory lymphoid infiltrates can 
be observed at the periphery of the lesion [46]. 
Some lesions are totally [47] or partially solid, 
and their cells show the same characteristics as 
those of the cystic or the papillary areas, although 
they can also adopt a pseudoinfiltrative growing 
pattern (Fig. 32.3). The cells of the papillary cyst- 
adenoma show immunoexpression for AE1/AE3, 
CAMS.2, CEA, HIF-alpha, VEGF, alphaSMA, 
and CD34. Cells are positive for cytokeratin 7 
[48] and negative for cytokeratin 20. The cells are 
variably positive for S100, renal cell marker, and 
vimentin [49, 50]. One case showed positive 
expression for PAX2 [51] and CD10, calretinin 
and WT-1 having been negative in all cases [52]. 
The stroma next to epithelial cells shows an 
intense vascular neoformation with CD31 [53]. 
Epididymal tumorigenesis in VHL patients 
occurs in two sequential steps as it has been 
shown in detailed histologic and molecular 
pathologic analysis of tumor-free epididymal tis- 
sues. The first stage is characterized by the 


32.1 Cysts 


developmental arrest of VLH-deficient meso- 
nephric cells with subsequent structural-ana- 
tomic alterations of the epididymal tissue. The 
second stage is characterized by slow prolifera- 
tion of a subset of VHL-deficient cells with acti- 
vation/upregulation of hypoxia-inducible factor 
(HIF) and VEGF, associated with continuous 
reactive fibrovascular proliferation that deter- 
mines the neoplastic papillary proliferation [54]. 


Fig. 32.3 Papillary 
cystadenoma of the 
epididymis. Dilated 
efferent ductule housing a 
papillary proliferation 
lined by cells of clear 
cytoplasm 


Fig. 32.4 Papillary 
cystadenoma of the 
epididymis. 
Proliferation of cells 
with large pale 
cytoplasms and 
vesicular nuclei 
simulating a renal tumor 
metastasis 
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Differential Diagnosis Mural papilloma and 
metastasis of either thyroid papillary carcinoma 
or clear cell renal carcinoma should be included 
in the differential diagnosis of this hamartoma- 
tous lesion (Fig. 32.4). Mural papilloma is a 
focal lesion, developed in a spermatocele wall 
(see later). Metastasis of thyroid papillary carci- 
noma to the epididymis is exceptional. The char- 
acteristic nuclear changes of thyroid papillary 
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carcinoma and immunoexpression for TTF1 are 
useful for the differential diagnosis. The possi- 
bility of epididymal metastasis of a clear cell 
renal cell carcinoma should always be taken into 
account because this tumor has been reported in 
association with VHL disease and can metasta- 
size to the epididymis. The higher nuclear pleo- 
morphism, the presence of solid areas, and the 
absence of granular, PAS-positive material in the 
papillary zones are characteristics of renal cell 
carcinoma. Immunohistochemically, both CK 7 
and CD10 are useful as all the epididymal cyst- 
adenomas have a CK7-positive and a CD10- 
negative profile [55], while clear cell renal cell 
carcinoma has the opposite immunophenotype. 


32.1.2 Peculiar Findings in Epididymal 
Cysts 


Among the curious findings within the epididy- 
mal cysts, we have observed the following: mural 
papilloma, Liesegang rings, crystalloid and cren- 
ellated membranes. 


Mural Papilloma The mural papilloma is a very 
rare lesion and only two cases have been reported 
[56, 57]. In both of them, the cyst wall was lined 


Fig. 32.5 Mural 
papilloma inside an 
epididymal cyst. Lining 
cells show 
immunostaining for 
CD10 and CK7 
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by a simple cubical epithelium together with some 
ciliated cells and others with hyperchromatic 
nuclei. Papillary neoformation had a thin base of 
implantation and an arborescent growth inside the 
cyst. Multiple papillary fronds and multilobar 
blebs with a core of edematous or hyalinized con- 
nective tissue were found. The papillae were lined 
with a columnar epithelium positive for cytokera- 
tin 7 and negative for cytokeratin 20, with intense 
CD10 antigen expression observed in the epithe- 
lial papillary proliferative cells (Fig. 32.5). This 
immunophenotype suggests a Wolffian origin. 


Liesegang Rings Is the name given to eosino- 
phil bodies observed inside the cystic formations 
by RE Liesegang, a German biochemist who pro- 
duced them in vitro more than a century ago [58]. 
They are concentric laminated bodies of variable 
size from 10 to 800 microns that in addition to a 
laminar structure usually have radial striations 
[59]. Liesegang rings have been observed in renal 
and perirenal hemorrhagic cysts and in various 
inflammatory and necrotic lesions in the kidney, 
nasal sinus, pleura, pericardium, omentum, extra- 
breast, 


ovarian and ovarian endometriosis, 
synovium conjunctiva, and eyelid. 

They are formed by precipitation around a 
central nidus alternating cycles of subsaturation 
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and supersaturation of an insoluble product in a 
colloidal system. The mechanisms by which pre- 
cipitation occurs are not well known although 
they should include the electrical charge, pH, 
chemical concentration, temperature, and the 
presence of cellular debris [60] (Fig. 32.6). From 
a practical point of view, the structure of 
Liesegang rings reminds amylaceous bodies, 
Michaelis-Guttman bodies as those observed in 
malacoplakia, calcium deposits, hyaline glob- 
ules, and even parasites like the giant kidney 
worm Dioctophyma renale, but none of them 
meets the following three characteristics: 
eosinophilia, concentric structure, and radial 
laminar striation. 


Crystalloid 

Eosinophilic rectangular formations of up to 20 
microns in length and 4 microns in width that 
resemble crystals can be observed in some cysts. 
They are probably the result of a dystrophic pro- 
cess, possibly related to inflammation, although 
the mechanism of crystalloid formation is 
uncertain. 


Crenellated Membranes 
Some epididymal cysts in adults present many 
membranous formations lining the cyst, with the 


Fig. 32.6 Epididymal 
cyst with probable origin 
in embryonic remnants 
filled with eosinophilic 
membranous formations 
and calcified cellular 
debris 
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peculiarity of showing a bristled surface with 
many small protrusions of the same size and rela- 
tively regularly arranged. These membranes have 
histological and histochemical characteristics 
similar to those observed in membranes of lipo- 
membranous fat necrosis. They are eosinophilic, 
PAS positive (before and after digestion with dia- 
stase), refractive, and orcein and Sudan black 
positive and have autofluorescence when exam- 
ined under ultraviolet light (Fig. 32.7). The 
mechanism occurring in the absence of inflam- 
mation and necrosis suggests that the starting 
point may be the peeling and cell death of lining 
cells of the cyst and perhaps secretion materials 
from the lining epithelial cells accumulated for 
years. The transformation of these lipid-rich 
materials would be similar to that suggested for 
the lipomembranous fat necrosis [61]. 


32.2 Cystic Dysplasia of the 
Epididymis 


Cystic dysplasia of the epididymis (CDE) is a 
malformative anomaly recently described by 
Nistal [62]. It is characterized by the presence 
of irregular, segmental cystic dilatation of the 
efferent ductules with aberrant forms and an 
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immature aspect associated with an important 
decrease in the number of sections of efferent 
ductules without lesions in the lining epithe- 
lium. In seven cases gross examination showed 
loss of the typical hemispherical shape of the 
epididymis head caused by the irregular cystic 
dilatations. The lesions may affect one segment 
of the epididymal duct in association with the 
lesions in the head of the epididymis or as an 
isolated lesion (Fig. 32.8). 


Fig. 32.7 Crenellated 
membranous formations 
are Oil Red O positive, 
similar to those observed 
in lipomembranous fat 
necrosis 


Fig. 32.8 Cystic 
dysplasia of the 
epididymis associated 
with dysplasia of the rete 
testis. The epididymis 
caput consists in cystic 
dilations of efferent 
ductules with irregular 
size and shape 
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CDE was observed in 19 fetal and neonatal 
autopsies of male subjects with ages ranging from 
27 weeks of gestation to 10 days of life and one 
surgical specimen corresponding to a 4-year-old 
boy. The lesion was bilateral in all 13 cases in 
which both epididymides were available for review. 
Eighteen out of 20 cases presented with either renal 
and/or urinary tract anomalies including renal dys- 
plasia (eight cases), renal agenesis (four cases), 
autosomal recessive polycystic renal disease (one 


References 


case), and renal hypoplasia (one case). In eight 
cases the testes were cryptorchidic. One patient 
associated ipsilateral testicular cystic dysplasia. 


Cystic dysplasia of the epididymis presents a 


novel congenital anomaly of the mesonephric 
differentiation that should be added to the spec- 
trum of male excretory system disorders associ- 
ated with renal and urinary malformations. 
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33.1 Epididymal Ectasia 

Epididymal ectasia results from an increase in 
epididymal intraluminal pressure. It can be con- 
genital (malformation, mucoviscidosis) or 
acquired (vasectomy, inguinal hernia repair, epi- 
didymitis, prostatitis or extrinsic compression by 
a tumor mass). The most common cause is vasec- 
tomy (Fig. 33.1). In over 50 % of cases, it is asso- 
ciated with spermatocele, spermatic granuloma, 
dilated vas deferens, and ectasia of the rete 
testis. 

Ectasia brings about histological changes in 
the epididymal duct itself, in the efferent duct- 
ules, in the vas deferens, and even in the rete tes- 
tis. These changes are classified as early, 
intermediate, and late. The initial changes are the 
result of increased intraductal pressure secondary 
to the obstruction. Efferent ductules are dilated. 
The absorption increases, the ciliated cells disap- 
pear, and spermatoceles can be formed. 
Intermediate changes occur when the absorption 
capacity has been exceeded and an important 
expansion has been reached. The wall shows 
thickening with collagen and ground substance 
accumulation. The myoid cells in the efferent 
ductules acquire a phenotype characteristic of 
smooth muscle cells of distal areas of the epidid- 
ymis [1]. A large number of macrophages tra- 
verse the epididymis to aid in the clearance of 
sperm and fluid. The latest post-vasectomy find- 
ings begin with sperm extravasations into the 
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interstitium of the epididymis or vas deferens. 
The answer is twofold; on the one side, a reaction 
with giant foreign body cells on groups of sperm 
takes place leading to spermatic granulomas (Fig. 
33.2), and on the other side, attempts of epithelial 
regeneration result in numerous ductal structures 
that are known as nodosa vasitis or epididymitis 
depending on their location [2, 3]. 

A late complication of ectasia of the epididy- 
mis in vasectomy patients is the post-vasectomy 
pain syndrome that occurs 5-7 years after vasec- 
tomy in 10 % [4] to 33 % of patients [5]. It is 
characterized by scrotal pain during ejaculation 
or sexual intercourse, or both. The potential etio- 
logic factors considered are mechanical obstruc- 
tion with perineural fibrosis and compression of 
the epididymis by adjacent cysts. 

The ultrasound study reveals an enlarged epi- 
didymis with linear hypoechoic structures with 
echogenic walls giving a speckled appearance to 
the epididymis [6-8]. The lesion is typically 
avascular in color Doppler sonography, which 
rules out epididymitis. MRI is able to contribute 
another step toward the knowledge of the epidid- 
ymis contents. In cases of tubular ectasia, 
increased epididymal T1 intensity [9] is observed. 

In 12.5 % of vasectomized patients, the ultra- 
sound examination of the epididymis shows the 
presence of mobile echogenicities [10]. These 
mobile echogenicities bear a strong resemblance 
to the random to-and-fro movements of countless 
tiny echogenic particles in a distended epididymis 
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Fig. 33.1 Epididymal 
ectasia secondary to 
vasectomy. The epididymis 
had to be removed by 
severe painful discomfort 
(late post-vasectomy 
syndrome). Abundant 
spermatozoa free or inside 
spermiophages are seen 
inside the epididymal 
ducts. Most epithelial cells 
have a pale apical 
cytoplasm 


Fig. 33.2 Spermatic 
granuloma. Sperm 
extravasations into the 
interstitium of the 
epididymis trigger an 
inflammatory reaction 
with abundant 
macrophages and giant 
foreign body cells that 
engulf and degrade the 
spermatozoa 


of men infected with adult Wuchereria bancrofti, 
a phenomenon described as “filarial dance” [11]. 
Histological studies have linked this finding to 
the presence of numerous macrophages with or 
without sperm in their cytoplasm that may 
reach 100 microns and are located in the lumen 
of the dilated epididymis [12]. Similar findings 
may be observed in post-inflammatory obstruc- 
tion. Another finding observed in histological 
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sections of enlarged epididymis is the presence of 
Liesegang rings. 


33.2 Paneth-Like Metaplasia 


Granular changes in epididymal cells known as 
Paneth cell-like metaplasia refer to the resem- 
blance of the eosinophilic granulations of the epi- 


33.3 Ischemic Granulomatous Epididymitis 


didymis cells with the Paneth cells of the 
intestinal glands. It is a typical lesion of the effer- 
ent ductules that may affect all or just some of 
them. The changes may appear in the two types 
of epithelial cells, principal and secretory cells. 
The cells show an increase in cytoplasmic size 
due to the presence of numerous eosinophilic 
inclusions preferably located in the supranuclear 
region, which are fluorescent when examined 
under ultraviolet light and are also intensely PAS 
positive (Fig. 33.3). 

Although these histological findings are 
common with intestinal Paneth cells, there are a 
number of important immunohistochemical dif- 
ferences. Epididymal cells with granular changes 
are positive for alphal-antitripsin (alpha-1 AT), 
alphal-antichemotripsin (alpha-1 AChT), and 
CD68, which suggests a lysosomal nature of the 
granules. Conversely, the granules of the intesti- 
nal Paneth cells are negative for alpha-1 AChT 
and CD68, and so secretory vesicles of antimi- 
crobial peptides correspond [13]. These immu- 
nohistochemical differences suggest the most 
appropriate term could be Paneth metaplasia- 
like [14]. 

Both benign and malignant processes have 
been described in the epididymis. They have 
been associated with obstructive processes of the 


Fig. 33.3 Paneth-like 
metaplasia of one efferent 
ductule epithelium. The 
apical cytoplasms of all 
epithelial cells show 
numerous eosinophilic 
granulations 
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spermatic ducts and have even been identified as 
markers of obstruction [15]. However, there are 
many cases in which an obstruction of the sperm 
pathway is not shown and could have another 
explanation as, e.g., a mismatch between the 
amount of fluid reaching the epididymis and the 
reabsorption capacity of the epithelial cells. This 
is the case of the Paneth-like changes seen in 
patients with testicular tumors. In these cases 
there are alterations in the amount of fluid pro- 
duced by the testes and in its composition. Most 
testicular fluid production would be secondary to 
the intense congestion that accompanies tumors. 
The tumor necrosis that may be involved causes a 
massive release of substances for which the 
endocytic machinery of epithelial cells of the 
efferent ductules is not ready. Excessive endocy- 
tosis probably leads to an increase in secondary 
lysosomes in their cytoplasm. 


33.3 Ischemic Granulomatous 


Epididymitis 


The term ischemic granulomatous epididymitis 
refers to a lesion, preferably located at the head 
of the epididymis, noninfectious in nature, 
observed in elderly patients [16]. 
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Histologically, in the initial stages of this 
lesion, there is necrosis affecting both the effer- 
ent ductules and the intertubular connective tis- 
sue (Fig. 33.4). As the lesion progresses, several 
facts occur such as sperm extravasations, the 
necrotic material tends to be removed into the 
lumen of the best preserved efferent ductules, 
forming polypoid masses. An infiltrate of macro- 
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Fig. 33.4 Ischemic 
epididymitis. Necrosis of 
efferent ductules at 
different stages of 
evolution. There are 
ductules with necrosis of 
both the epithelium and 
the muscular wall 
adjacent to others with 
epithelial necrosis, and 
even some of them show 
signs of regeneration 


a 
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Fig. 33.5 Ischemic 
epididymitis. Efferent 
ductules full of cholesterol 
crystals and multinucleated 
giant cells. In the 
intertubular interstitium, 
only isolated lymphocytes 
and macrophages are 
recognized 


phages can be observed, either engulfing the 
necrotic material, or being removed to the lumen, 
or becoming giant cells engulfing cholesterol 
crystals or sperm resulting in sperm microgranu- 
lomas (Fig. 33.5). 

In the epididymal fibrosis final stages, an 
accumulation of lipofuscins in epithelial cells of 
the residual efferent ductules and ceroid granulo- 
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mas is observed in some cases. These lesions 
give the epididymis an appearance of brown 
patches [17]. In other cases a cavitation of the 
epididymis or neoformation of ductal structures 
similar to epididymitis nodosa occurs. Although 
the cause is unknown, given the age of the 
patients and the distribution of the lesions, the 
hypothesis of ischemia is highly suggestive. The 
territory that presents the most important changes 
is supplied by the superior epididymal artery, a 
collateral branch of the testicular artery. The age 
of patients and the atherosclerosis observed in 
autopsy cases would support the hypothesis of 
ischemia [18]. The lesion is asymptomatic in 
most cases. 


33.4 Epididymal Metaplasia 


The main epididymal duct is constituted by a 
pseudostratified epithelium and one or two lay- 
ers of smooth muscle cells around. The epithe- 
lium cells are of several types: basal cells, 
principal cells, narrow cells, clear cells, halo 
cells, and dendritic cells. The basal cells are 
attached to the basement membrane; they are 
small, flattened, and ovoid with a hyperchro- 
matic nucleus. The principal cells are the most 
numerous; they have many stereocilia in the api- 
cal pole and frequent intranuclear eosinophilic 
inclusions. Their secretory and endophytic 
machinery is highly developed. Narrow cells 
make protrusion toward the lumen and reach the 
basement membrane through a fine cytoplasmic 
extension. They have numerous vesicles 
involved in endocytosis, and their function is to 
secrete H + ions into the lumen. Clear cells are 
cylindrical with basal nuclei, few microvilli, 
abundant endocytic system with multivesicular 
bodies, and a large number of lysosomes. The 
halo cells correspond to lymphocytes and mac- 
rophages that cross the epithelium. The den- 
dritic cells form a network throughout the 
epididymis, and, as at other locations, they are 
antigen-presenting cells. Two types of metapla- 
sia were observed in the epididymis: prostatic 
and squamous metaplasia. 
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33.4.1 Prostatic Metaplasia 


The presence of prostatic tissue outside the urinary 
tract is rare; the cases published in English barely 
exceed a dozen. Most of the time, it is an inciden- 
tal finding in the study of surgical specimens or in 
autopsy, but it can be the cause of lower gastroin- 
testinal bleeding, constipation, urinary symptoms, 
and a retroperitoneal mass [19, 20]. 

The presence of prostatic tissue in the epididy- 
mis has previously been observed only in three 
cases to which we now add another one observed 
in our department. The first case was found at 
autopsy in the normal epididymis of a 30-year- 
old organ donor [21]. The second case was found 
in an orchiectomy specimen of an undescended 
testicle [22]. The third patient was an 11-year-old 
male who presented with an asymptomatic supra- 
testicular mass in the right hemiscrotum [23]. 
And the fourth case (our case) was found in a 
cryptorchidic testicle of a 58-year-old patient 
(Figs. 33.6 and 33.7). 

Prostatic tissue may be seen in different forms: 
(1) as a node separated from the epididymal duct, 
(2) as a mixed arrangement of prostate glands 
and duct sections, and (3) consisting in the pres- 
ence of multiple small areas along the main duct 
where the main duct epithelium of the epididy- 
mis is replaced by the prostate glands. 

The first two forms are considered ectopias of 
prostatic parenchyma and the third one a form of 
metaplasia. The presence of ectopic prostatic 
parenchyma in mesonephric derivatives perhaps 
may be related, following McNeal hypothesis 
[24], to the different sources in the different 
areas of the prostate, as while the peripheral 
zone derives from the urogenital sinus and the 
central zone originates from the mesonephric 
duct. Remnants of this duct would differentiate 
in the prostate tissue. The hypothesis of a meta- 
plasia to explain prostate glands in the epithe- 
lium of the epididymal duct finds its best support 
in the juxtaposition of prostate glands with epi- 
thelial cells of the epididymis. The fact that both 
testes were cryptorchidic may not be a coinci- 
dence. We must remember that in cryptorchi- 
dism, the epididymis has alterations in cell 


302 


Fig. 33.6 Prostatic 
metaplasia. Section of the 
main duct of the 
epididymis. The 
pseudostratified 
epithelium with 
stereocilia has been 
replaced by columnar 
epithelium with cells of 
basal nuclei and pale 
cytoplasm 


Fig. 33.7 Prostatic 
metaplasia. Positive 
immunostaining of single 
cells or groups cells for 
prostatic acid phosphatase 
(same case of the 
previous figure) 


growth and differentiation, which could aid the 
development of metaplasia in the absence of a 


reactive process [25]. 


33.4.2 Squamous Metaplasia 


This is an uncommon lesion related to the present 
or former presence of an inflammatory process. 
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The part of the epididymis that most often shows 
squamous metaplasia is the tail. The epithelium 
is sometimes nonkeratinized stratified squamous, 
and other times it shows a thick layer of keratin. 
In these cases an obstruction of the lumen occurs. 
The masses of keratin can calcify (Fig. 33.8). The 
tubular wall is thickened; it shows fibrosis and 
inflammatory cell debris. The differential diagno- 
sis can be raised with epidermoid cysts and carci- 


References 


Fig. 33.8 Squamous 
metaplasia with 
dystrophic calcification of 
the keratin in a section of 
the epididymal duct 


nomas of the epididymis. The presence of a 
muscular layer together with the multifocality of 
the lesion rules out the first one, and the absence 
of cellular atypia facilitates the exclusion of a 
carcinoma diagnosis [26]. 
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34.1 Histological Types 


of Metaplasia 


Five types of metaplasia have been observed: 
urothelial metaplasia, Milillerian metaplasia, 
mucinous metaplasia, squamous metaplasia, and 
gastric metaplasia. 


34.1.1 Urothelial Metaplasia 


Urothelial metaplasia is the most common one. It 
was observed in 17 % of the cases studied by 
Sundarasivarao [1]. A similar incidence is seen in 
the mesothelial lining of the female reproductive 
tract and particularly in the serosa of the Fallopian 
tube [2, 3]. It is a localized phenomenon in the 
serosa of the testis and epididymis close to the 
implantation of the epididymis (sinus, close to 
the base of the appendix of the epididymis or the 
head of the epididymis). 

The size of these lesions varies from macro- 
scopic plaques to histological findings (Fig. 
34.1). The epithelium varies in height from bilay- 
ered cubic to half a dozen strata. The cells have 
eosinophilic cytoplasm and imprecise boundar- 
ies. The nuclei have a central fold with the aspect 
of coffee beans. Glove finger-like projections that 
penetrate the underlying connective tissue can 
often be seen protruding from the epithelium lin- 
ing, generally in the epididymis. Some of these 
digitations may suffer a cystic transformation 
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very similar to von Brunn nests in cystic cystitis 
(Figs. 34.2 and 34.3) or Walthard’s nests of the 
ovarian tube [1, 4, 5]. The nature of the epithe- 
lium from which this metaplasia derives is quite 
controversial — while some authors consider it 
mesothelial, others believe it might originate in 
Miillerian remnants. In some cases the presence 
of ciliated cells would support this second possi- 
bility. It is likely that some cysts of testicular 
tunics as well as the Brenner tumors described in 
the testicles derive from this form of metaplasia 
with a cubic stratified epithelium [6, 7]. 


34.1.2 Miillerian Metaplasia 


Miillerian metaplasia is a focal and multiple lesion 
that mainly affects the parietal layer. It consists of 
plaques of cylindrical cells that have replaced the 
mesothelium. In most cases two cell types, one of 
them with spherical euchromatic nuclei and the 
other one with elongated nuclei disposed in pali- 
sade, are distinguished. These nuclei have hetero- 
chromatin granulations and deep folds. Many of 
these cells are ciliated (Figs. 34.4, 34.5, and 34.6). 

A lesion in the testicular tunica vaginalis was 
recently described as florid cystic miillerianosis 
of the testis [8]. It has a great similarity with the 
one reported as endosalpingiosis in the Fallopian 
tubes, cervix, abdominal cavity, and bladder [9]. 
This lesion was observed in three patients aged 
between 47 and 81 years. The testes were atro- 
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Fig. 34.1 Urothelial 
metaplasia of the tunica 
vaginalis showing in 
plaques. Note the 
characteristic appearance 
of the most superficial 
cells 


Fig. 34.2 Urothelial 
metaplasia of the parietal 
layer of the tunica 
vaginal. Cell proliferation 
takes a pseudoinfiltrative 
nodular pattern having a 
strong resemblance to von 
Brunn nests 


phic in two of them. There was no history of vari- 
cocele, epididymitis, or testicular tumor. The 
mesothelium changes were associated with a 
Miillerian proliferation of small cysts of varying 
sizes, from microscopic to 5 mm. Most cysts 
were located in the parietal layer of the tunica 
vaginalis, which was markedly thickened. The 
contents of the cysts were a liquid whose color 
varied from clear to yellow. Cysts were usually 
unicameral and were generally arranged in two or 
three layers, not exceeding 5 mm in depth. Most 
cysts showed both ciliated and non-ciliated cells, 
but ciliated cells were less abundant. In some 
cysts, non-ciliated cells showed cytoplasmic pro- 
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trusions toward the lumen, which caused an apo- 
crine appearance. Those cysts with columnar or 
pseudostratified epithelium also showed “peg” 
cells (basal triangular cells typical of Fallopian 
tubes and endosalpingiosis in women) and small 
papillary proliferations. Neither cellular atypia 
nor mitoses were observed. In one case isolated 
lymphocytes were observed on the cyst wall. 
The immunohistochemical pattern of these 
metaplastic cells differs in many respects from the 
mesothelium it derives from. Metaplastic mesothe- 
lial cells do not express markers such as calretinin 
or D2-40, but they still share the low-molecular- 
weight mesothelial cytokeratin (CK8,18,19). 


34.1 Histological Types of Metaplasia 


Fig. 34.3 Urothelial 

metaplasia with cystic 
transformation of von 
Brunn-like nests 


Fig. 34.4 Miillerian 
metaplasia of both layers 
of the tunica vaginalis. 
Several cystic formations 
both in the tunica 
albuginea testis and in the 
parietal layer of the tunica 
vaginalis are shown 


Metaplastic cells have androgen and progesterone 
receptors but do not express estrogen receptors. 
The connective tissue surrounding the cyst cells is 
CD10 positive and has progesterone receptors. 
This form of metaplasia may be responsible 
for many cysts of the tunica vaginalis which are 
not lined by mesothelium and rare cases of endo- 
metriosis [10]. It is also possible that they may 
undergo malignant transformation leading to 
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cases of ovarian-like serous tumors (serous cyst- 
adenomas and cystadenocarcinomas) as described 
in the paratesticular structures [11, 12]. 


34.1.3 Mucinous Metaplasia 


It is characterized by the presence of mesothe- 
lium areas that have been replaced with mucinous 
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Fig. 34.5 Miillerian 
metaplasia. Multiple cysts 
with thin walls in the 
tunica vaginalis 


Fig. 34.6 Miillerian 
metaplasia. Cysts are 
lined by columnar 
epithelium and contain an 
eosinophilic material 


columnar epithelium (Fig. 34.7). These cells 
have basal nuclei and pale apical cytoplasm 
which stains intensely with PAS. The epithelium 
shows no pseudostratification, and cells lack 
nuclear hyperchromasia or pleomorphism. The 
epithelium focally invaginates into the connec- 
tive tissue, providing a pseudoglandular aspect. 
Light edema and small nonspecific lymphoid 
infiltrates stand out in the underlying tissue. We 
have observed this lesion in the wall of hydro- 
celes that recur again and again in both childhood 
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and adulthood. But it is unknown whether they 
may progress toward a tumor as happens in the 
mucinous metaplasia of the urothelial tract [13]. 


34.1.4 Squamous Metaplasia 


Squamous metaplasia of the tunica vaginalis is 
very rare indeed. It has been described in chronic 
inflammatory processes [14]. Among the pro- 
posed mechanisms, reactions to mechanical 
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Fig. 34.7 Mucinous 
metaplasia in the tunica 
vaginalis of long-term 
hydrocele. The 
mesothelium has been 
replaced by an mucinous 
columnar epithelium 
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irritation, inflammation, or infection are included, 
similarly to the peritoneum [15-17]. In cases 
being studied in frozen section biopsies where 
the lesion is very showy, a metastatic squamous 
cell carcinoma should be ruled out. The absence 
of atypia, the good epithelial differentiation, and 
the tendency of the lesions to be very superficial 
dismiss a squamous carcinoma. 


34.1.5 Gastric Metaplasia 


This metaplasia has also been described with the 
name of gastric heterotopia. It has been observed 
in an adult and also in a 12-year-old child with 
hydrocele [18]. It may be originated from an in 
situ metaplasia from pluripotent cells or a true 
heterotopia. Gastric heterotopia has been reported 
throughout the gastrointestinal tract including the 
hepatobiliary system as well as the skin of the 
abdominal wall. The gastric mucosa would have 
to migrate to the peritoneum and then to the scro- 
tum when the testes descend. 
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35.1 Histopathology: Types 
of Reactive Mesothelial 


Hyperplasia 


Mesothelial hyperplasias are reactive processes 
that can be seen on the wall of hydroceles, hema- 
toceles, and inguinal hernia sacs, associated with 
pseudotumoral processes as fibrous pseudotumor 
or tumors either testicular or from testicular cov- 
ers. Several growth patterns have been described: 
solid, papillary, nodular, and pseudoinfiltrative 
[1]. 

Mesothelial cells, regardless of their growth 
pattern, show the same characteristics. They are 
large columnar or low cuboidal cells that have 
spherical, central, or basal nuclei. The nuclear 
membrane may have small folds; the nucleolus is 
small and has regularly dispersed chromatin. The 
cytoplasm is pale or eosinophilic, sometimes 
vacuolated, and positive with PAS (glycogen) 
and Alcian Blue pH2.5 (hyaluronic acid). The 
number of mitosis is generally low although there 
have been cases with a high proliferation [2]. 
Sometimes there are multinucleated cells with 
hyperchromatic nuclei and prominent nucleoli. 


35.1.1 Solid and Papillary 
The solid and papillary proliferations arise from 


the surface of the mesothelial tunic. In the first 
case, the mesothelial cells are arranged in compact 
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masses, except in the most superficial layers where 
they tend to flake isolated or in small groups. In the 
second case, they are arranged in one or more lay- 
ers over connective tissue papilla (Fig. 35.1). At 
the axis of the papillae and the underlying tissue, 
an inflammatory infiltrate is usually present. 


35.1.1.1 Nodular 

The nodular growths can be placed not only on 
the mesothelial surface as in the previous case, 
but without apparent communication with it. The 
architecture of these nodules is more variegated 
and solid, papillary and glandular patterns can 
coexist, and psammomas can also be shown [3] 
(Fig. 35.2). 


35.1.2 Pseudoinfiltrative: Florid 
Mesothelial Hyperplasia 


Pseudoinfiltrative reactive mesothelial hyperplasia 
is characterized by the presence of tubular forma- 
tions, glandular-like solid nest, or cysts in the 
thickness of a thickened vaginal wall [4]. 
Apparently these epithelial structures are ran- 
domly arranged, but they all have in common that 
the infiltration stops abruptly at a shallow level 
(Figs. 35.3, 35.4, and 35.5). The surrounding 
stroma is generally fibrous, but it can show chronic 
inflammatory infiltrates preferably around vessels. 
Its layered structure represents the organization of 
fibrinous exudates trapping mesothelial cells. 
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Fig. 35.1 Reactive solid LIETA R x B PT, A ` ps ; 
and papillary mesothelial > 4 3 7? y o x ? 7 
e s r BRA Å = 


hyperplasia is observed in 
the wall of a hydrocele 


DS 


Fig. 35.2 Nodular 
mesothelial hyperplasia. 
Nodules are constituted 
by a fibrous stroma in 
which proliferations, 
preferably papillary with 
numerous psammoma 
bodies, protrude 


35.2 Clinical Features 


The mesothelial hyperplasia is an incidental finding 
in most cases although some are present as a tumor, 
and what is more worrying, they have been previ- 
ously diagnosed as malignant mesotheliomas. 


35.3 Differential Diagnosis 


The differential diagnosis of reactive mesothelial 
hyperplasia should be established with mesotheli- 
omas (well-differentiated papillary mesothelioma, 
malignant mesothelioma, and mesothelioma of 


35.3 Differential Diagnosis 


Cordonal, solid, and 
glandular mesothelial cell 
proliferations which are 
arranged parallel to the 
surface in a band. The 
mesothelial proliferation 
stops abruptly in depth 
without infiltrating the 
underlying tissue 


Fig.35.4 Pseudoinfiltrative 
mesothelial hyperplasia. 
Cords and glandular 
structures lined by 
cuboidal cells of 
hyperchromatic nuclei and 
eosinophilic cytoplasm 


uncertain malignant potential) [5-9] and meta- 
static adenocarcinoma. 


35.3.1 Mesotheliomas 


Well-Differentiated Papillary Mesothelioma 
Well-differentiated papillary mesothelioma is a 


low malignant potential lesion that may prog- 
ress to malignant mesothelioma [10, 11]. It has 
a papillary structure with a treelike pattern, 
where the fibrous axis branches into papillary 
processes of varying complexity. They are 
lined by a single layer of bland epithelial 
cuboid lining cells with a mild degree of atypia 
with rare mitosis. Some may show more com- 
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Fig.35.5 Pseudoinfiltrative 
mesothelial hyperplasia. 
Immunostaining for 
cytokeratin (AE1/AE3) 
clearly shows the 
characteristic 
pseudoinfiltrative pattern 
of the mesothelial 
proliferation and the 
abrupt plane that reaches 
in depth 


plex pathologic features as tubulopapillary 
areas or solid nests [12]. The absence of stro- 
mal infiltration differentiates from malignant 
mesothelioma. And the complexity of the 
papillae and cellular atypia, when they are 
present, is not observed in the papillary meso- 
thelial hyperplasia. 


Malignant Mesothelioma Malignant mesotheli- 
oma and above all the epithelioid variant, the 
most frequent variant in this location, pose a dif- 
ficult differential diagnosis with florid mesothe- 
lial hyperplasia. In favor of a malignant 
mesothelioma, the clinical or sonographic pres- 
ence of a tumor mass inside a long-standing 
hydrocele can be seen [13]. The mass is a thick- 
ening of the vaginal wall with one or more irregu- 
lar nodules. In most cases reactive mesothelial 
hyperplasia is not macroscopically recognized 
due to its extremely small size. The age of pre- 
sentation is also different as the malignant meso- 
thelioma is most common between 55 and 
75 years, while hyperplasias usually appear in 
younger patients. 

Most of the time, the differential diagnosis of 
malignant mesothelioma and reactive mesothe- 
lial hyperplasia must be done only with histo- 
logic criteria (Table 35.1). There are no 
immunohistochemical or cell biology data to 
guide the diagnosis. 


35 Reactive Mesothelial Hyperplasia Versus Mesothelioma 


Table 35.1 Criteria for the differential diagnosis in favor 
of reactive mesothelial hyperplasia 


Proliferation in a tissue with fibrosis and inflammation 


Tubular and glandular proliferations parallel to the 
surface oriented 


The absence of cellular atypia in the rest of the 
mesothelium lining of the vaginal cavity 


Sparse epithelial proliferation 


No back-to-back growth 


Low tendency to branching of tubular and glandular 
structures 


Sharp delimitation of lesion in depth 


No infiltration of submesothelial layer 


Cytological data: no atypia 


Histologically, the presence of tubular, glandu- 
lar, and papillary formations arranged back to back 
in a scarce stroma is characteristic of the malig- 
nant mesothelioma [14]. The infiltration of the 
underlying structures, parietal layer of tunica vagi- 
nalis, testis, epididymis, or spermatic cord is also 
characteristic [2]. Cytologically, most mesothelio- 
mas have cells with prominent nucleoli, coarse 
chromatin, and frequent and atypical mitosis. 
Malignant mesothelioma presents necrosis and 
invasion of vessels [15]. Although these data are 
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Fig. 35.6 Malignant 
mesothelioma. The tumor 
has variable thickness 
from one to other areas of 
the tunica vaginalis. 
Cellular areas alternate 
with other more fibrous 


Fig. 35.7 Malignant 
mesothelioma. Solid and 
glandular cell 
proliferation showing 
spherical nucleus with a 
large central nucleolus 


absent in reactive mesothelial hyperplasia, we 
must be careful as some mesotheliomas may be 
cytologically bland with cells with spherical nuclei 
and prominent nucleoli [16] (Figs. 35.6 and 35.7). 

Although infiltrating the underlying tissues is 
a criterion of malignancy, it is necessary to bear 
in mind that in many hyperplasias, there are 
images of pseudoinvasion when mesothelial cells 
trapped in the thickness of underlying reactive 
fibrous tissue proliferate [17] (Fig. 35.8). 


Immunohistochemical Data No antibody has 
an absolute value in the differential diagnosis. 
Mesothelioma cells have a strong positivity for 
EMA in contrast with the low or absent posi- 
tive immunoexpression of mesothelial cells in 
reactive mesothelial hyperplasia [18]. p53 has 
a sensitivity of 45 % and a specificity of 100 % 
for diffuse malignant mesothelioma [19]. 
Ki-67 is higher (mean 24.6 %) in diffuse meso- 
thelioma than in reactive mesothelial hyperpla- 
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Fig. 35.8 Malignant 
mesothelioma. 
Immunostaining for AE1/ 
AE3 cytokeratin reveals 
three important features: 
(1) the continuity of the 
tumor with the 
mesothelial lining, 
important for the 
differential diagnosis with 
other neoplasias, (2) the 
irregular thickness of the 
mesothelial proliferation, 
and (3) the infiltration of 
the underlying structures. 
These latter two details 
are important for the 
differential diagnosis with 
pseudoinfiltrative 
mesothelial hyperplasia 


sia (mean 6.2 %) [20]. GLUT-1 shows high 
expression in diffuse malignant mesothelioma 
(60-100 %) compared to the low expression in 
reactive hyperplasia (0-27 %) [21, 22]. 

Upon investigating the molecular pathogen- 
esis of malignant mesothelioma, it has been 
observed that homozygous deletion of the 9p21 
locus is one of the most common genetic altera- 
tions as it is present using FISH between 67 and 
83 % of mesotheliomas and it is not observed in 
any case of reactive mesothelial hyperplasia 
[23, 24]. 


35.3.2 Metastasis 
of Adenocarcinoma 


The differential diagnosis with metastatic adeno- 
carcinoma usually does not offer much difficulty. 
Metastases show a cellular atypia, high mitotic 
activity, stromal and vascular invasion, and areas 
of necrosis. The cells are positive for CEA and 
EMA and negative for calretinin and D2-40. 
Reactive mesothelial hyperplasia and metastasis 
of adenocarcinoma can coexist [25]. 
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Paratesticular Tumor-Like 
Congenital Lesions 


36 
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36.1 Adrenal Cortex Ectopia 

This is one of the more frequent incidental find- 
ings in male urological surgery. The incidence 
of adrenal rests in paratesticular structures in 
pediatric autopsies is 15 [1] and 3.8 % in 
patients submitted to inguinal-scrotal surgery 
[2]. The rate is even higher (5.1 %) in patients 
with undescended testicles [3]. The ectopic 
adrenal tissue can be located in the tunica albu- 
ginea, epididymis, testis [4], hernial sacs, and 
spermatic cord [5]. They are more common on 
the right side. 


Pathology 

Macroscopically, the ectopic adrenal formations 
are yellowish nodules measuring 1—4 mm in 
diameter and spherical or ovoid in shape, some- 
times umbilicated, and they show a firm consis- 
tency. They can be single or multiple. 
Histologically, the nodules are formed only by 
the adrenal cortex and usually show a radial 
structure that is only lost in some elderly patients 
(Figs. 36.1, 36.2, 36.3, and 36.4). The cellular 
proliferation grows in a trabecular pattern. The 
cytoplasms vary from eosinophilic to xan- 
thomized. Atypical nuclear features and mitosis 
are infrequent [6]. The ectopic nodules can 
develop causing a testicular enlargement that 
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suggests a tumor in two disorders: adrenogenital 
syndrome and Nelson’s syndrome (see Chap. 7). 
Particularly interesting are the nodules of 
intratesticular adrenal tissue. Intratesticular 
adrenal ectopies have been observed between the 
rete testis and the adjacent seminiferous tubules 
(7, 8]. 

When associated with adrenal cytomegaly, 
both in patients with the Wiedemann-Beckwith 
syndrome and with isolated adrenal cytomegaly, 
adrenal cortex ectopia may also show cytome- 
galic cells. The paratesticular adrenal ectopias 
are interpreted as an entrapment of cells of the 
adrenal cortex during the testicular descent [9]. 
The origin of the intratesticular nodules could be 
secondary to the activation of testicular steroid 
hilus pluripotential cells [10]. 


Clinical Features 

Ectopies of the adrenal cortex are an incidental 
finding and elicit no symptoms. In certain cir- 
cumstances they can be functioning and acquire a 
large size. These compensatory hyperplasias 
have been reported in patients with Addison’s 
disease [11] and signs of hyperfunction in 
patients with Cushing’s syndrome [12]. Tumors 
can reach several centimeters in 
Macroscopically, the tumors are encapsulated 
and show a yellowish variegated surface. 


size. 
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Fig. 36.1 Ectopic 
adrenal cortex in the 
epididymis. The radial 
arrangement of cells and 
the presence of a capsule 
are characteristic. Finding 
in a undescended testicle 
of a 2-year-old child 


Fig. 36.2 Ectopic 
adrenal tissue in the 
spermatic cord. Cell 
groups located outside the 
capsule surrounded by 
fatty tissue are observed 
in some cases as in 
normal adrenal 


36.2 Splenic Ectopia 
(Splenogonadal Fusion) 


Although infrequent, it is important to keep para- 
testicular ectopic splenic tissue in mind as clini- 
cally it can be interpreted as a tumor. The first 
description of splenic-gonadal fusion was made 
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by Boestroem in 1883 [13] and was followed by 
a detailed description by Pommer in 1889 [14]. It 
is predominant in males with a male to female 
ratio of 15/1. About 200 cases have been reported 
[15], 16.8 % of which are autopsy findings [16, 
17]. The remaining cases were observed in orchi- 
opexy or surgery for inguinal hernia repair. Other 
presentations are painful scrotal swelling second- 


36.2 Splenic Ectopia (Splenogonadal Fusion) 


Fig. 36.3 Adrenal cortex 
ectopia located between 
the testis and epididymis 
in a of 72-year-old 
patient. The radial 
arrangement of the cells 
is lost in this poorly 
defined nodular formation 


Fig. 36.4 Adrenal cortex 
ectopia (same case as 
above figure). The 
cellular groups are 
separated by abundant 
sinusoids 


ary to malaria, mumps, traumatic rupture of ecto- 
pic splenic tissue [18], and scrotal tumor [19] 
associated with germ cell tumor [20], with infer- 
tility [21], or with contralateral displaced intra- 
abdominal testis [22]. Only a minority of cases 
were suspected before surgery [23]. The age of 
patients ranges from newborn children to 81 years 
[24]. More than 70 % of the reported cases were 
younger than 20 years, and approximately 50 % 


were younger than 10 years [25], although the 
reported ages vary from birth up to 81-year-old 
men. Splenogonadal fusion usually occurs on the 
left side (98 % of cases). 


Types of Splenogonadal Fusion 

They have been classified in two types: continu- 
ous and discontinuous [26]. In the continuous 
type, the ectopic splenic tissue is connected to the 
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eutopic spleen by a cord that can be either splenic 
tissue or fibrous tissue. In the discontinuous pre- 
sentation, the splenic tissue is not joined to the 
eutopic spleen. The continuous splenogonadal 
fusion is more frequent (55 %) than the discon- 
tinuous type [27]. 

The most frequently associated anomalies are 
inguinal hernia and cryptorchidism (one third of 
cases). In half the cases of cryptorchidism, this is 
bilateral [28]. In isolated cases contralateral tes- 
ticular aplasia [29] or hypospadias [30] has been 
observed. Other anomalies associated primarily 
with the continuous type [31] are ectromelia, 
micrognathia, hypoglosia, spina bifida, cranio- 
synostosis, cardiac malformations, anal atresia, 
pulmonary hypoplasia, intestinal malrotation, fis- 
sures of the liver, and bilobated spleen [32]. 

Continuous splenogonadal fusion (with or 
without extremity malformations or microgna- 
thia) has been recognized as a syndrome (spleno- 
gonadal fusion-limb defect syndrome) [33, 34]. 
The discontinuous type is nearly always associ- 
ated with congenital anomalies apart from some 
isolated cases with coexistence of cardiac defects 
[35]; thus it can be considered as a rare variant of 
accessory spleen. 


Histology 

The ectopic splenic tissue has a reddish appear- 
ance and is usually well delimitated by a connec- 
tive tissue capsule joined to the testis, the 
epididymis, or the spermatic cord (Figs. 36.5 and 
36.6). Only exceptionally, this tissue shows con- 
tinuity with the seminiferous tubules. 


Pathogenesis 

The presence of splenic tissue in the testicle has 
an embryological base [36], and two hypotheses 
have been proposed to explain how such differ- 
ent structures became fused. The fusion should 
occur between the 5 and 8 weeks of gestation 
before testicular descent begins, when the 
splenic anlage is located in the dorsal mesogas- 
trium opposite to the genital anlage. The pro- 
cess could be caused either by a fusion between 
the peritoneal surface of the spleen and the 
gonadal ridge or by an inflammation of the peri- 
toneal surface over the spleen and the gonadal 
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ridge [37]. When the descent of the testis begins, 
the splenic tissue attached follows the gonadal 
path. 

Cryptorchidism and splenogonadal fusion 
might be the result of a lack of cranial suspensory 
ligament involution. This persistent ligament 
might be colonized by splenic cells and could 
hinder the testicular migration [28]. 


Diagnosis 

Ultrasonography [33, 38] helps in the diagnosis, 
but this must be confirmed by Tc99m sulfur col- 
loid imaging [39], and if there remained any 
doubt regarding the diagnosis during the opera- 
tion, frozen sections should be considered to 
avoid unnecessary orchiectomies. Doppler ultra- 
sound of the scrotum in patients with a palpable 
mass may show a hypervascular image on the 
upper pole of the testis [15]. This technique is 
useful in cases of high suspicion. Contrast- 
enhanced CT can help diagnosis, but its use is 
limited due to high exposure to radiation [40]. 
Magnetic resonance imaging has been used in 
isolated cases [41]. Laparoscopy is the most 
accurate method for diagnosing when the testis is 
not palpable. This exploration also allows surgi- 
cal treatment and in many cases to know the 
intra-abdominal abnormalities that are associated 
(42, 43]. 


Treatment 

The treatment of splenogonadal fusion consists 
in removing the splenic tissue, while the testis, 
epididymis, and vessels should be separated and 
preserved. If the location is scrotal, no surgery is 
required. 

The trend is to reduce the high number of 
orchiectomies (37 %) made in the past. Removal 
of the cord as close to the spleen as possible is 
important to prevent complications such as small 
bowel obstruction, by entanglement with the 
bowel loops or colonic obstruction at the splenic 
flexure by compressing the colon [44]. Germ cell 
tumors (less than one dozen publications) associ- 
ated with splenic-gonadal fusion have been 
linked to the presence of cryptorchidism and 
require appropriate treatment [45]. 


36.3 Hepatic Ectopia (Hepato-gonadal Fusion) 


Fig. 36.5 Splenogonadal 
fusion in an adult 
undescended testicle 


Fig. 36.6 Splenogonadal 
fusion. The splenic tissue 
is separated from the 
testicular parenchyma by 
a thin capsule. The 
seminiferous epithelium 
only consists of 
dysgenetic Sertoli cells 
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36.3 Hepatic Ectopia (Hepato- 
gonadal Fusion) 


The presence of hepatic tissue joined to the supe- 
rior testicular pole has been described in three 
patients, the first of them with right inguinal her- 
nia [46], the second one with undescended testis 
[47], and the third one with right inguinal hernia 
and undescended testis [48]. In the first case, the 


hepatic tissue stood out as a reddish nodule which 
continued in a fibrous pedicle that rose from the 
scrotal pouch throughout the vaginal process, 
crossed the abdominal cavity, and ended in the 
porta hepatis. Histologically, this hepatic tissue 
appeared normal. In the second case, the testis 
was atrophied and was located in the abdominal 
cavity, while the hepatic tissue rose from the tes- 
tis to the inferior-lateral aspect of the right lobe of 


324 


the liver. In the third case, the hepatic tissue was 
present throughout the cord-like structure. 

Heterotopic hepatic tissue has been observed 
in different organs and tissues, such as the gall- 
bladder wall, umbilical cord, lung, splenic cap- 
sule, pancreas, adrenal gland, and 
retroperitoneum. The presence of hepatic paren- 
chyma associated with the testis has been 
explained, like the occurrence of splenic tissue, 
on an embryological basis. When the testis initi- 
ates its descent, it is the bearer of mesenchymal 
cell clusters that develop the hepatic parenchyma. 
The knowledge of this and other ectopies should 
advise to perform a conservative surgery. 


36.4 Orchidogastric Fusion 


In orchidogastric fusion the testis remains firmly 
attached to the wall of the stomach. There is only 
one reported case of a newborn baby with a large 
gastroschisis defect and prolapsed large and 
small bowel. The left testis was attached to the 
anterior surface of the stomach. The vas deferens 
was normal and the vascular pedicle was short 
but allowing orchidopexia. Although the associa- 
tion between gastroschisis and undescended tes- 


Fig. 36.7 Eight-week 
fetus autopsy. The 
mesonephros consisting 
of glomeruli and tubular 
structures is in contact 
with the cords of the rete 
testis 


36 Paratesticular Tumor-Like Congenital Lesions 


ticle is well known, the association of 
orchidogastric fusion and gastroschisis is unique. 
The author suggests that it is probably caused by 
an embryological defect coincident with the 
appearance of gastroschisis appearance where 
gut rotation is impaired rather than caused by 
secondary adherences between the stomach and 
the gonad by the exposition of both organs to 
amniotic fluid [49]. 


36.5 Renal Parenchyma Ectopia 


The occurrence of ectopic nephrogenic blastema 
has been known for many years [50]. Ectopic 
renal tissue has been reported in the retroperito- 
neum [51], the sacrococcyx [52], or in the ingui- 
nal canal [53]. Renal blastema is frequently 
observed in fetal autopsies and has also been 
observed in some newborn babies (Fig. 36.7). 
This ectopic tissue has also been found associ- 
ated with cryptorchidism in infants [54, 55]. The 
most common location of this ectopic tissue is 
the epididymis, the gubernaculum [56], and 
along the spermatic cord [57]. The size of these 
nephrogenic nodules may be large enough to be 
detected as a palpable mass, usually associated 
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with congenital inguinal hernia. These nodules 
have been assumed to have originated in the 
mesonephros. Several Wilms’ tumors described 
in the spermatic cord might have had their origin 
in this ectopic renal blastema [58, 59]. 
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37.1 Meconium Periorchitis 

The presence of meconium in the vaginal cavity 
is secondary to meconium peritonitis [1]. Less 
than 50 cases have been reported. The character- 
istic age of presentation are the first months of 
life, although this disorder has been reported also 
in a 5-year-old child [2]. 


Etiopathogenesis 

Meconium reaches the scrotum through a patent 
vaginal process. In half of the cases, meconium 
peritonitis results from a perforation of the diges- 
tive tract with subsequent extrusion of meconium; 
in the other half, it is not possible to demonstrate 
the perforation [3]. Twenty percent of cases of 
meconium peritonitis are related to meconium 
inspissation secondary to cystic fibrosis [4, 5], 
and another 30 % are attributed to volvulus, intus- 
susceptions, intestinal atresia, intestinal duplica- 
tion, congenital bands, imperforate anus, Meckel 
diverticuli, or aganglionism of the colon. 


Signs 

Meconium vaginalitis occurs in the neonatal 
period as a hydrocele or acute scrotum [6]. A few 
weeks later, the scrotum acquires tumoral charac- 
teristics. Macroscopically yellowish nodules can 
be observed in the tunica vaginalis (meconium 
pearls) [2, 7]. Some cases of meconium perior- 
chitis have been suspected during intrauterine 
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routine ultrasound examination and confirmed 
after birth [8, 9]. 


Histology 

Meconium produces a chemically aseptic inflam- 
mation in which macrophages predominate. Bile 
pigment can be shown in the cytoplasm of these 
cells. The study of scrotal fluid aspirates may 
help in the diagnosis if the meconium compo- 
nents (bile lipids, mucin salts, desquamated epi- 
thelial cells) are confirmed [10]. The natural 
evolution of meconium in the scrotum is toward 
spontaneous resolution [11]. In other cases the 
lesion evolves to fibrosis and dystrophic calcifi- 
cation [12] (Fig. 37.1). 


Differential Diagnosis 

Differential diagnosis is very easy when meco- 
nium periorchitis is associated with intraperito- 
neal calcifications, which happens in 50 % of 
patients [13]; a testicular or paratesticular tumor 
(rhabdomyosarcoma) must be ruled out in other 
cases [14]. Scrotal ultrasound and abdominal 
plain film are diagnostic [15]. 


Complications 

Among the exceptional complications, necrosis 
of the scrotal wall with externalization of 
meconium and the testicle has been reported. The 
perforation could be secondary to ischemia 
caused by the pressure of the scrotal mass. This 


327 


M. Nistal et al., Clues in the Diagnosis of Non-tumoral Testicular Pathology, 


DOI 10.1007/978-3-319-49364-0_37 


328 


Fig. 37.1 Meconium 
periorchitis. The tunica 
vaginalis contains 
abundant pigmented 
macrophages, foreign 
body granulomas, and 
areas of dystrophic 
calcification 


condition is known as testicular exstrophy [16, 
17] or secondary scrotoschisis [18, 19]. 


37.2 Foreign Body Vaginalitis 


Foreign bodies observed in the tunica vaginalis 
testis are varied; some are inert while others elicit 
a granulomatous reaction. Among the former 
there are various materials such as catheters from 
ventriculoperitoneal shunts, when they migrate 
from the abdominal cavity to the scrotum via the 
processus vaginalis [20, 21]. Among the latter 
there are granulomatous reactions produced by 
talc of gloves, vegetal fibers, and extravasation of 
parenteral nutrition solution [22]. 


Signs 

They present clinically either with an acute scro- 
tum simulating a testicular torsion or as a rapid 
onset hydrocele. This condition is more common 
in children [23—26] and on the right side, conse- 
quently with the distribution of inguinal hernias 
in children. A case of an adult in whom the for- 
eign material perforated the scrotum [27] has 
been known. Sometimes the vaginal tunica is 
directly affected such as in scrotal operations; 
some other times it is indirectly affected, e.g., 
after interventions in the abdominal cavity, if a 
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patent processus vaginalis exists. The interval 
between the operation and the detection of lesions 
is very variable (from 2 months to 45 years). 


Histology 

The most frequent granulomatous reactions are 
triggered by talc of gloves and vegetal fibers 
(lycopodium, talc, and starch). Histologically, 
the lesion is characteristic: a reaction of foreign 
body giant cells surrounding the material. In the 
case of talc, when polarized it shows double 
refractile crystals. Regarding glove-starch gran- 
uloma material, this is PAS positive and bire- 
fringent showing a Maltese cross image under 
polarization [28]. Scrotal granulomatous lesion 
due to plant fibers has been observed after jeju- 
nal perforation within an incarcerated inguinal 
hernia [29]. The size of these reactive processes 
can be so large that they result in a paratesticular 
mass [30]. 


37.3 Scrotal Lithiasis 


Scrotal calculi are benign lesion consisting in the 
presence of one or more bodies moving freely 
inside a hydrocele. The prevalence with which it 
has been observed has been increasing as more 
and more ultrasound scans have been done — from 
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1.95 % of Tan et al. [31] in a study of 3435 
patients evaluated retrospectively with radiology 
records to 9.6 % of Aslan et al. [32] using ultra- 
sound. These figures are probably indicating that 
many calculi are not detected radiologically. The 
age of presentation varies from 4 months to 
65 years. The incidence increases with age. In 
50 % of the cases, the lesion is bilateral. 


Signs 

In some cases the diagnosis is made by the own 
patient on self-palpation of the testis; in other 
cases is a surgical or incidental finding in US 
examination of the scrotum. The ultrasound 
image is characteristic: a hyperechoic structure 
with posterior acoustic shadow that moves freely 
in the hydrocele [33]. In some cases the bodies 
may be attached to the wall [34]. They are 
observed in 13 % [35] to 56.8 % [31] of hydro- 
celes. A very high incidence (81 % of hydroceles) 
has been observed in extreme mountain bikers 
[36]. Although considered a trivial finding, 
movements of the calculi secondary to daily life 
activities may repeatedly irritate the vaginal 
tunics and cause scrotal pain [32]. 


Histology 
They are generally whitish, spherical bodies not 
exceeding 9 mm. They are constituted by con- 


Fig. 37.2 Scrotal pearl. 
Whitish nodular 
formation in the tunica 
vaginalis of an elderly 
patient. The testis exhibits 
severe atrophy and the 
vaginal is markedly 
thickened 


nective tissue with areas of calcification and even 
ossification (Figs. 37.2 and 37.3). The calculi in 
hydroceles would originate by the deposition of 
calcium phosphates that crystallize the hydro- 
cele’s alkaline environment on a core of organic 
rests such as an infarcted testicular appendix, 
fibrin, red blood cells, sloughed mesothelial cells, 
and even parasites (filarial worms) [37]. 


37.4 Cholesterol Granuloma 


Cholesterol granulomas occur associated with 
bleeding or tissue necrosis and can be observed 
in the vaginal cavity (hematocele), the epididy- 
mis (ischemic epididymitis) [38], and paratestic- 
ularly (hematomas) [39]. The most common 
clinical presentation mimics a testicular tumor. 


Etiology 

Hematocele causes are multiple. Some are local, 
like testicular trauma, torsion of the spermatic 
cord, or testicular appendages, or rupture of an 
underlying tumor. Other, less frequent, appear in 
patients with hematologic processes or when 
there is an increased tendency to mucous and 
serous bleeding. In children it has been reported 
in association with splenic rupture by a blunt 
abdominal trauma (communicant hematocele) 
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Fig. 37.3 Scrotal calculi. 
Free nodular formation in 
the vaginal cavity. It 
consists in connective 
tissue with laminated 
calcifications of eccentric 
arrangement 


[40-42]. Most often the traumatic hematocele is 
due to a testicular rupture (80 %) [43] or ripping 
of the pampiniform plexus veins [44]. 


Diagnosis 

Ultrasound [45] and computed tomography are 
very useful in diagnosing hematocele, but not in 
all cases they permit a differential diagnosis 
between a hematocele following a testicular blunt 
contusion with an intact tunica, which would not 
require surgery, and one secondary to testicular 
rupture in which the repair must be immediate to 
prevent ischemic necrosis or abscess formation 
[46]. MRI can aid a proper diagnosis [47]. 


Histology 

In cases of short evolution, abundant fresh blood 
clots are observed upon opening of the tunica 
vaginalis. Afterward, the tunica vaginalis appears 
filled with a spongelike material in such a quan- 
tity that it can reach several times the testicular 
volume (Fig. 37.4). The material is preferably 
fibrin. In long-evolution hematoceles, the hematic 
material is partially or fully organized. It consists 
of a connective tissue with numerous neoformed 
vessels and macrophages with hemosiderin with 
a coating of fibrin toward the cavity. In the final 
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stages, only a very thickened vaginal tunica with 
fibrosis and dystrophic calcification persists, in 
which bone metaplasia and cholesterol granulo- 
mas can be seen (Fig. 37.5). A complication of 
hematocele is testicular atrophy, but it does not 
occur in all cases [48]. Rare complications are 
rupture, infection, scrotal suppuration, and 
gangrene. 


37.5 Vasitis Nodosa 


Vasitis nodosa is a ductular proliferation that 
causes focal thickening of the vas deferens. It has 
received this name because it is reminiscent of the 
isthmic nodosa salpingitis. Most cases develop 
after a vasectomy, in other there is a history of 
trauma, and some are idiopathic. The most com- 
mon symptoms are pain and tumor. 

Benign ductular proliferation develops on or 
around the wall of the vas deferens. The ductular 
structures are formed by cuboidal cells and may 
have a central lumen. The cells have a pale cyto- 
plasm and central nuclei and one nucleolus. Some 
of them are ciliated. The lesion shows nonspecific 
chronic inflammation and fibrosis. Perineural 
invasion [49] or benign vascular invasion is often 
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Fig. 37.4 Paratesticular 
hematoma. Well-defined 
ovoid formation with 
trabeculae inside that 
separate hematic material 
at different times of 
resorption. The tumor 
displaces and compresses 
the testis 


Fig. 37.5 Paratesticular 
hematoma. Cholesterol 
granulomas present in the 
wall of the previous figure 
hematoma. On top of the 
image, sections of 
epididymal ducts are 
recognized 


observed [50]. The wall of the vas deferens may 
show muscle hyperplasia and perineural fibro- 
sis, which could explain the pain experienced 
by some patients [51]. In 50 % of cases, there 
is a spermatic granuloma. A similar process 
can be observed in the epididymis (epididymi- 
tis nodosa) [52]. The differential diagnosis 
should include metastases of prostate adeno- 
carcinoma [53]. 
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37.6 Sperm Granulomas 


This is a lesion characterized by a foreign body 
reaction to sperm extravasations. It appears in 
42 % of vasectomized patients and 2.5 % of 
autopsies of adults [54]. Most cases are asymp- 
tomatic, but it is not uncommon to consult for 
localized pain in the head of the epididymis, 
spermatic cord, or testis [55]. 
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The lesion consists of one or less frequently 
several nodes measuring up to four cm in diame- 
ter. Histology varies with time. At first, there is 
an extravasation of sperm that are rapidly 
engulfed by macrophages constituting a granu- 
loma foreign body type. Late lesions are consti- 
tuted by ceroid granulomas in which macrophages 
show abundant lipofuscins and fibrosis. 


37.7 Endometriosis 


Endometriosis has been reported in the bladder, 
prostate, seminal vesicles, retroperitoneum, 
lower abdominal wall, and paratesticular region. 
Endometriosis of the testes and paratesticular 
structures has been observed on the wall of a cyst 
in the epididymis [56], and cysts of the tunica 
vaginalis testis [57,58], and in the spermatic cord 
[59]. Pain and a palpable mass are the most com- 
mon clinical signs. 

It is described as nodular or cystic formations 
consisting of glands with endometrial appear- 
ance. Most glands are dilated; the epithelium is 
cylindrical, and inside it there is an abundant 
eosinophilic granular, PAS-positive material. 
Stromal cells contain both ferric pigments and 
lipofuscins. The epithelium shows an endome- 


Fig. 37.6 Lipomembranous 
fat necrosis of the spermatic 
cord. Spermatic cord 
nodule in a patient who 
consulted for symptoms 

of pain, a mass in the 
groin, and absence of the 
testis in the scrotal sac 
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trial phenotype that is positive for cytokeratin, 
vimentin, EMA, ER, and PR. The stromal cells 
express vimentin, estrogen and progesterone 
receptors, and CD10. Endometriosis, within its 
rarity, is more common in elderly patients with 
high estrogen levels secondary to estrogen ther- 
apy for prostate cancer. At least two patients 
lacked this background and were younger. There 
are two cytogenetic hypotheses not mutually 
exclusive — an origin in Miillerian remnants or an 
origin from metaplasia of the mesothelium. 


37.8 Lipomembranous Fat 
Necrosis (LFN) 
of the Spermatic Cord 


The LEN is a nonspecific reactive lesion of adipose 
tissue degeneration associated with impairment of 
the vascular supply to the adipose tissue. The term 
LEN was proposed by Poppiti in 1986 [60], although 
similar lesions had already been observed a decade 
before [61, 62], always in extragenital locations. 
The LFN of the spermatic cord was observed in 
three pubertal patients suffering from intravaginal 
spermatic cord torsion. They consulted for symp- 
toms of pain, a mass in the groin, and absence of the 
testis in the scrotal sac [63] (Fig. 37.6). 


37.9 Pseudosarcomatous Periorchitis 


Histology 

Light microscopy shows the silhouette of the 
seminiferous tubules with ischemic necrosis 
surrounded by granulation tissue. LFN is found 
in the epididymis and in the initial segment of 
the spermatic cord. The FLN is characterized by 
the occurrence of cystic cavities limited by 
eosinophilic, wavy outlined, refringent, hyaline 
membranes, which were stained with Sudan 
black, PAS (before and after diastase digestion) 
and orcein, and presented yellowish-green auto- 
fluorescence. Most of the degenerated fat cell 
remnants had been phagocytosed by multinucle- 
ated macrophages (Fig. 37.7). Foreign body 
granulomas surrounding necrotic areas are 
numerous. Histochemical tests suggested that 
the membranes seen in LFN were a lipopig- 
ment, which was probably the result of changes 
in the fragmented cell membranes of the degen- 
erated fat cells. In all three cases, vascular 
thrombosis was confirmed. The fact that LFN 
has never been observed in torsions in newborn 
babies and infants is probably related to the 
absence of adipose tissue in this location at this 
age. Subsequently LFN evolves toward sclerosis 
in the cytoplasm of these cells, where both 
hemoglobin-derivate pigments and membrane 
fragments accumulate. 


Fig.37.7 Lipomembranous 
fat necrosis of the spermatic tr 
cord. Eosinophilic hyaline 
membranes of spiculated 
surface are surrounded by 
foreign body giant cells 
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Differential Diagnosis 

The diagnosis is usually easy; however, if the 
granulomatous pattern predominates and there 
are no clinical data, the differential diagnosis 
should be established with the following three 
processes: the presence of parasites or their eggs 
(filariae and schistosomes), sclerosing lipogranu- 
loma, and granuloma secondary to material from 
a ruptured testicular prosthesis. 


37.9 Pseudosarcomatous 
Periorchitis 


This name describes the findings observed in two 
surgical specimens of adult patients with a recent 
history of testicular torsion. The lesion consisted 
of a crescent-shaped unencapsulated myofibro- 
blastic proliferation surrounding necrotic semi- 
niferous tubules. The cells were arranged in 
bundles and showed a focal storiform pattern. 
Among these cells, an infiltrate of neutrophils, 
lymphocytes, and histiocytes could be observed 
with variable intensity in different areas. Fusiform 
cells showed numerous mitoses, and the lesion in 
its whole looked like a malignant fibrohistiocy- 
toma. The patients were well 2 and 3 years after 
orchiectomy without any treatment [64]. 


334 


37.10 Paratesticular Cyst 


Mesothelial cysts, cyst-originated remains, 
Wolffian or Miillerian remnants, spermatoceles, 
epidermoid cysts (Fig. 37.8), and dermoid 
cysts, among others, have been described in 
paratesticular structures. Mesothelial cysts rep- 
resent 53.8 % and originate from the cystic 
transformation of remains of the processus vag- 
inalis [65]. Cord cysts can mimic hernia [66], a 
supernumerary testicle [67], or tumor [68, 69]. 
The twisting of epididymal cysts simulates a 
testicular torsion [70]. On the wall of cysts 
embryonic remains, albeit infrequently, differ- 
ent types of benign epithelial proliferations 
[71] and more rarely malignant ones [72] have 
been reported. 


Fig. 37.8 Epidermoid 
cyst of the spermatic 
cord. Characteristic 
appearance of keratin 
masses after opening the 
cyst is shown 
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37.11 Fibrous Pseudotumor 
(Nodular and Diffuse 
Proliferation) 


It refers to a chronic inflammatory process with a 
tendency to fibrosis, calcification, or ossification. 
It is known by a variety of names such as chronic 
periorchitis, reactive periorchitis, nodular fibrous 
periorchitis, fibromatous periorchitis, fibrous 
proliferation of the tunica, nonspecific parates- 
ticular fibrosis, nodular fibrous pseudotumor, 
proliferative funiculitis, inflammatory pseudotu- 
mor, and fibroma, which are probably related to 
different macroscopic and histological aspects of 
this lesion throughout its evolution. It preferably 
affects testicular tunics, but it can also be located 
in the epididymis and the spermatic cord. It pres- 


37.12 Sclerosing Lipogranuloma 


ents as single or multiple nodular lesions or as a 
diffuse lesion of the testicular tunics. It is more 
frequent in the third decade but it can occur at all 
ages. In many cases there is a history of orchio- 
epididymitis, trauma, or an inflamed hydrocele. 


Histopathology 

The initial lesions are formed by granulation tis- 
sue with chronic inflammation. The more evolved 
ones show a fibrous paucicellular connective tis- 
sue that is very hyalinized. Cell infiltrates may 
persist between collagen bundles and around ves- 
sel’s plasma. The lesion may show calcification 
or ossification (Fig. 37.9). The differential diag- 
nosis includes idiopathic fibromatosis, solitary 
fibrous tumor, neurofibroma, and leiomyoma. 


Etiopathogenesis 

Based on the histological similarity of fibrous 
pseudotumor to other conditions such as retro- 
peritoneal fibrosis, sclerosing pancreatitis and 
cholangitis, Riedel’s thyroiditis, and sclerosing 
sialadenitis, it is included in this growing list of 
IgG4-related diseases. Many cases meet most of 
the criteria required for the lesion to be consid- 
ered an IgG4-related disease [73-78]: (a) pres- 
ence of swelling or tumors that can affect one or 
more organs, (b) elevated serum IgG4 concentra- 
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Fig. 37.9 Fibrous 
pseudotumor. Very 
collagenized connective 
tissue with scarce 
inflammatory cells shows 
numerous nodular 
calcifications of laminar 
architecture 
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tions (>135 mg/dl), and (c) histopathological 
examination showing dense lymphoplasmacytic 
infiltrates, storiform-type fibrosis, obliterative 
phlebitis, and infiltration of IgG4-positive plasma 
cells (ratio of IgG4-positive/IgG-positive cells 
>40 % and >10 IgG4-positive plasma cells/HPF). 
The fibrosis and obliterative phlebitis are absent 
in some lesions that affect the lacrimal gland [79, 
80]. The role of IgG4 in the disease is unknown. 


37.12 Sclerosing Lipogranuloma 


This is a reaction of the adipose tissue caused by 
trauma or exogenous lipid agents such as paraf- 
fin. In more than half of the cases, there is no 
precedent. Clinically, it is characterized by the 
development of a painless swelling. Most cases 
have been described in the scrotum, and only five 
were well-documented lipogranulomas of the 
spermatic cord [81-83]. It is a granulomatous 
lesion associated with a granulomatous foreign 
body reaction with infiltrates preferentially by 
lymphocytes and eosinophils and varying degrees 
of fibrosis around cystic spaces of varying sizes. 
Sudan black-positive remains of refracting mem- 
branes can be recognized inside the giant cells. 
The differential diagnosis includes infectious dis- 
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eases that cause the granulomatous lesions and 
those caused by parasites. 


37.13 Smooth Muscle Hamartomas 
(Smooth Muscle 
Hyperplasia) 


This smooth muscle hyperplasia is seen in areas 
where it is usually abundant as in the tunica albu- 
ginea at the lower pole of the testis, in the tail 
of epididymis, and the wall of the vas deferens 
[84-87]. More than half of the cases have been 
reported in the epididymis. It presents as a mass 
of variable size up to 7 cm, simulating a malig- 
nancy on clinical examination. It is described at 
all ages, but its average age is 63 years [88]. 
Histologically it can take different growth 
patterns: periductal (around the vas deferens 
or the epididymis forming concentric layers), 
interstitial, in the connective tissue of the tail 
of the epididymis, and perivascular originat- 
ing in the vessel walls. Mitoses and necrosis 
should be absent. A special form occurs in 
patients with androgen insensitivity syndrome 
in which the muscle tissue of the tunica con- 
tinues with smooth muscle cell proliferation 


Fig. 37.10 Smooth 
muscle hamartoma of the 
cauda epididymis. 
Irregularly arranged 
bundles of smooth muscle 
cells separated by 
abundant connective 
tissue 
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that simulates the uterine wall [89, 90]. In all 
cases the cells form irregularly arranged bun- 
dles (Fig.37.10). Between the bundles there is 
a loose stroma that may contain focal infil- 
trates of lymphoid cells, among which eosino- 
phils stand out. In most cases there is no 
previous history of inflammation and only in 
three cases a history of inguinal hernia was 
reported [91]. 

The etiology of smooth muscle hyperplasia 
of the paratesticular structures is unknown, and 
since there are very few cases associated with a 
locally accompanying pathology, they are con- 
sidered to be hamartomas. They are similar to 
their counterparts in other locations such as the 
gingival, palate, esophagus and pylorus, small 
intestine, large intestine, trachea, skin, and 
breast. The differential diagnosis includes leio- 
myomas and angioleiomyomas, and it is very 
important to highlight the periductal location of 
many paratesticular hamartomas along with the 
low cohesiveness of the bundles of smooth mus- 
cle cells. A peculiar cystic hamartoma consti- 
tuted by a transformation of the rete testis, a 
proliferation of smooth muscle cells, and a wide 
myxoid stroma was reported in a 26-year-old 
patient [92]. 
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38.1 Structures Derived 


from Embryonic Remnants 


The origin, structure, and pathology related to 
classic embryonic remnants are well known. The 
appendix of the testis (sessile hydatid of 
Morgagni) originates from the cephalic end of 
the Miillerian duct. Among the pathologies 
related to the hydatid, hydatid cystic transforma- 
tion, torsion [1, 2], and tumoral degeneration [3, 
4] stand out. The appendix of the epididymis 
(pediculate hydatid of Morgagni) is a remnant of 
the cephalic end of the Wolffian duct. Sometimes 
it may suffer a significant cystic transformation 
[5], torsion [6], and exceptionally a tumor [7]. 
Upper and lower aberrant ducts (Haller’s organ) 
are mesonephric duct remnants located in the fis- 
sure between the testis and the epididymis [8]. 
Cystic transformation and torsion of the lower 
aberrant duct have been observed [9]. The para- 
didymis (Giraldés organ, Henles’s paraepididy- 
mis, or innominate body), derives from the caudal 
mesonephric ducts. Torsion [10] and cystic trans- 
formation [11] of the paradidymis have also been 
reported, but not with the presence of other 
embryonic remains in the paratesticular struc- 
tures or even in the testicle itself. 
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38.2 Histological Characteristics 
of the Mesonephric 
Remnants 


Mesonephric remnants have been reported in 
virtually all parts of the male urogenital tract: 
kidney [12], renal pelvis [13], prostate [14, 15], 
prostatic urethra [16], and paratesticular struc- 
tures [17]. One of the most surprising findings is 
the wide variety of histological patterns the 
embryonic remnants show. Often they are struc- 
tures constituted by small acini/tubules lined by 
cuboidal or low columnar epithelium with or 
without colloid-like material inside, and less fre- 
quently as ductal formations reminiscent of 
efferent ducts, epididymis, or vas deferens due to 
its epithelium features (columnar or pseudostrat- 
ified, sometimes ciliated), and condensed mes- 
enchymal tissue around it. However, these 
remnants differ from the abovementioned nor- 
mal ducts in that their lumen diameter is smaller 
(0.17 mm), in that such size does not increase 
with age, and in the absence of a true smooth 
muscle wall [18, 19]. 

The evidence of mesonephric remnants is 
completed by the immunohistochemical study 
that also allows to separate them from the 
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Miillerian remains. CD10 [20] is strongly posi- 
tive in both the brush border of tubular forma- 
tions reminiscent of the epididymis and vas 
deferens and the accompanying stroma, but it is 
negative in tubular and acinar structures. pP63 is 
expressed only in the basal cells of epithelia that 
resemble those of the epididymis and vas defer- 
ens. GATA3 and BCL2 react with the epididymis 
and vas deferens-like epithelium and some epi- 
thelia of acinar and glandular structures. PAX8 is 
strongly reactive in all epithelial structures. 


38.3 Testicular and Paratesticular 
Mesonephric Remnants 


Particularly interesting are the mesonephric 
remains that can be seen in the spermatic cord, 
the wall of hernial sacs, the testicular hydatid, the 
tunica vaginalis, and the testicle. 


38.3.1 Mesonephric Remnants 
in the Spermatic Cord 


In 28 % of the spermatic cords studied in autopsy 
of both adults and children, embryonic remnants 
have been observed. The material included a sec- 
tion proximal to the testicle, another one at a 


Fig. 38.1 Mesonephric 
remnants in the spermatic 
cord. The cystic 
formation has a lining 
which combines two 
areas. One area is 
reminiscent of the 
epididymal main duct 
epithelium because of its 
pseudostratified 
appearance and the 
presence of stereocilia. 
The other area shows 
cuboidal cells mimicking 
those of efferent ductules. 
In neighboring tissue a 
group of Leydig cells is 
shown 
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medium level, and the last one at a high level of 
the spermatic cord [21]. Most of it corresponded 
to mesonephric remnants. A variety of papillary 
and cystic benign lesions have been described in 
connection with these structures [4] (Fig. 38.1). 


38.3.2 Mesonephric Remnants 
in Hernial Sacs 


The incidence of glandular inclusions in the her- 
nial sac walls of infants varies according to the 
series studied: 1.5 % [22], 2.6 % [19], 2.9 % [23], 
and 6 % [24] (Fig. 38.2). The highest peak is 
reached at the age of 4 months. The incidence 
reported in adults is remarkably lower, probably 
because the number of adult samples examined is 
much reduced. From 39 hernial sacs with epithe- 
lial inclusions studied by Cerili et al. in 2003 
[20], nine corresponded to vas deferens-like, 13 
to epididymis-like, and seven to Müllerian-like 
structures (Fig. 38.3). 


38.3.3 Mesonephric Remnants 
in the Testicular Hydatid 


The presence of tubular epididymis-like struc- 
tures (aberrant epididymal tissue) in the testicular 
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Fig. 38.2 Mesonephric 
remnants in the wall of a 
hernial sac. Group 
consisting in a dozen of 
glandular formations 
embedded in a dense 
stroma 


ner 9 PASI 


Fig. 38.3 Embryonal 
remnants in the wall of a 
hernia sac simulating 
efferent ducts. All 
epithelial cells have 
androgen receptor 
expression 
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hydatid is exceptional. It has been described in a 
7-year-old boy with undescended testis found 
when the surgeon performed an orchidopexy and 
removed a pedunculated testicular appendage 
[25]. A second case has been observed in our 
department. The tubular formations in the first 
case were lying in loose stroma of the hydatid and 
showed no connection with the epithelial lining, 
but they formed cluster tubules with columnar 


Z 


Ce 


epithelium surrounded by a layer of smooth mus- 
cle cells (Fig. 38.4). They showed no clear differ- 
entiation with efferent ductules or with the main 
duct of the epididymis, but they showed positivity 
with CD10 on the adluminal membrane, contrast- 
ing with the negativity of the epithelial lining of 
the hydatid. They could be considered immature 
epididymal structures. In the second case, to which 
the iconography in this chapter corresponds, the 
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Fig. 38.4 Mesonephric 
remnants in the testicular 
hydatid. Two ducts lying 
in loose connective tissue 
of the hydatid are 
recognized. The largest 
one shows differentiation 
toward the main duct of 
the epididymis, and the 
smallest differentiates to 
efferent ductules 


cluster of tubular formations had a pseudostrati- 
fied epithelium with eosinophilic intranuclear 
inclusions, basal cells, and long stereocilia with 
intense adluminal positivity with CD10. An 
important layer of smooth muscle cells was 
arranged around the epithelial tubules. The struc- 
tures were similar to the main duct of the epididy- 
mis. The explanation for the presence of 
mesonephric derivatives in a structure considered 
to be Miillerian is unknown. The very interesting 
and thorough work by Jacob and Barteczko in 
2005 [26] on the embryological origin of the 
hydatid can shed some light on this matter. Other 
than hydatids of the testis and the epididymis, the 
authors describe a third type of hydatid, which 
could be found in the same locations as the previ- 
ous ones, with a tubulus inside that is considered 
the remnant of a cystic mesonephric tubule. 


38.3.4 Mesonephric Remains 
in the Tunica Vaginalis 


Cysts of the tunica albuginea are sometimes meso- 
thelial and sometimes originated in embryonic rem- 
nants. The epithelium of some cysts is similar to the 
epithelium of the efferent ductules, and so they can 
be considered of a mesonephric origin [27, 28]. 
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38.3.5 Intratesticular Mesonephric 
Remnants 


The presence of intratesticular structures resem- 
bling efferent ductules and also resembling the 
main duct of the epididymis was described by 
Nistal et al. in 2006 [29] in six patients in the 
course of a review of 1442 autopsies and 271 
surgical specimens of adult men. The lesions 
were bilateral in five autopsy cases and unilat- 
eral in the surgical case. In six testes there were 
lesions affecting the testicular parenchyma next 
to the rete testis, in another four they affected the 
peripheral testicular parenchyma, and in one 
case they were both central and peripheral. The 
age of the patients ranged from 69 to 75 years. 
The iconography belongs to the study of a new 
case sent as consultation and was observed in a 
surgical specimen of a 67-year-old patient who 
was studied due to hypogonadism and showed a 
sonographic image suggestive of a testicular 
tumor. 


Histopathology All of them had decreased tes- 
ticular size. The cut showed multiple whitish 
areas of irregular contours alternating with tes- 
ticular parenchyma. All patients had a small 
hydrocele. No macroscopic alterations were 
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observed in the epididymis or the paratesticular 
structures. Histologically, most mesonephric 
remnants corresponded to epididymis-like struc- 
tures, some were efferent-like, and only occa- 
sionally tubular or acinar formations were 
observed. The size of the tubular formations was 
highly variable; some were the same size as sem- 
iniferous tubules while others were cystically 
dilated up to 1 mm in diameter (Fig. 38.5). The 


Fig. 38.5 Intratesticular 
mesonephric remnants. 
Numerous cystic 
formations of different 
sizes with eosinophilic 
content located among the 
seminiferous tubules 


Fig. 38.6 Intratesticular 
mesonephric remnants. 
Ductal tubule lined by 
pseudostratified 
epithelium with 
stereocilia. It is partially 
surrounded by abundant 
Leydig cells 
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contours of the longest formations were irregular 
with protrusions into the testicular parenchyma. 
The epithelium of most tubes had basal cells, 
cylindrical cells with stereocilia, and eosinophilic 
inclusions in the nucleus as epididymal principal 
cells (Fig. 38.6). Cellular atypia or mitosis was 
not observed. In other patients the epithelium was 
cylindrical with ciliated cells similar to the efferent 
ductules. The interior of the tubular formations 


346 38 


was occupied by an eosinophilic, granular, or 
fibrillar material, positive for PAS and Alcian 
Blue, with Liesegang rings. The thickness of the 
wall was variable, from a layer of smooth muscle 
cells around to more than half a dozen concentric 
layers of muscle cells. 

The interstitium was expanded and extravasa- 
tion of intratubular material could be observed, as 
well as a minimum lymphoid infiltrate and 
Leydig cell groups that were identified both in 
the interstitium and surrounding the epididymis- 
like structures. The microliths were frequent both 
inside the tubules and their walls and in the 
extravasation material (Fig. 38.7). 

In three cases the testicular parenchyma 
showed completely hyalinized seminiferous 
tubules and in the rest of cases a mosaic of lesions 
including hyalinized tubules, dilated tubules, and 
tubules with marked atrophy of the seminiferous 
epithelium. Leydig cells were very scarce in four 
cases. All testes showed vascular lesions of 
arteriosclerosis. 

The rete testis was atrophic in all cases. Two 
cases had lesions of intracavitary nodular prolif- 
eration, and four cases had microlithiasis. In five 
epididymides focal atrophy of efferent ductules 
was observed, and in two epididymides abundant 
microliths in the lumen were observed. 


Fig. 38.7 Intratesticular 
mesonephric remnants. 
Eosinophilic material 
inside cystic formations 
shows several 
calcifications. These also 
are evident outside the 
tubules 
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The immunohistochemical study of the tubu- 
lar formations showed positivity in the basal cells 
for high-weight keratins and CK8,18,19 in most 
epithelial cells. Only the basal cells were p63 
positive. Androgen receptor was expressed in 
most cylindrical cells of the efferent and 
epididymis-like structures. And intense adlumi- 
nal CD10 positivity was observed in all kinds of 
tubular formations. Smooth muscle cells positive 
for smooth muscle actin were seen in the outer 
layer (Fig. 38.8). 

The histological pattern of intratesticular 
Miillerian remnants is similar to the one 
described in other organs such as the kidney 
[30, 31] and prostate [32]. The predominance of 
the most differentiated efferent-like, epididy- 
mis-like structures against the tubular/alveolar 
pattern should be emphasized. In three cases the 
mesonephric remnants occupied more than half 
of the testicular parenchyma so the diagnosis of 
florid hyperplasia of the Miillerian remnants 
seems reasonable. 

The differential diagnosis of intratesticular 
mesonephric remnants can be raised with terato- 
mas and burned germ cell tumors. Teratomas 
appear on enlarged testicles, which do not occur 
in testicles with mesonephric remnants. 


Teratomas, including organoid teratomas, lack a 
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Fig. 38.8 Intratesticular 
mesonephric remnants. 
The wall of various 
formations shows an 
outer layer of smooth 
muscle cells as evidenced 
by immunostaining for 
smooth muscle actin 


tubular development with a repetitive structure 
that reminds epididymal ducts. They have other 
mesodermal or ectodermal derivatives. And they 
are often accompanied by another germ cell 
tumor or germ cell neoplasia in situ. Burned out 
tumors are associated with normal or decreased 
in size testes and may contain some cysts and cal- 
cifications. However, they always show an area 
of scar fibrosis, the cysts contain keratin, the cal- 
cifications are amorphous, and there may be 
remains of another germ cell tumor and also 
intratubular germ cell neoplasia in situ. 

The origin of the intratesticular mesonephric 
remnants could be found at a very early devel- 
opmental abnormality of the gonad, when the 
mesonephros and the coelomic epithelium are 
practically in contact with one another. 
Mesonephric cells could be trapped between the 
nests of pre-Sertoli cells and germ cells before 
these constitute the testicular cords and produce 
AMH that determines the formation of the 
tunica and therefore the delimitation of the tes- 
ticle. A second hypothesis for the epididymis 
metaplasia of Sertoli cell is suggested by the 
distribution of epididymal tubules among the 
seminiferous tubules whether they have sper- 
matogenesis or not, but there is no data to sup- 
port this hypothesis. 
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39.1 Introduction 
The testicular functions are both exocrine (sper- 
matogenesis) and endocrine (androgen secre- 
tion), although there are large interindividual 
differences, and they slowly and progressively 
decline over the years [1]. It is a proven fact that 
the frequency of sexual dysfunction increases 
with age [2], and fertility decreases after 40 [3]. 
There is also a broad consensus that a significant 
loss of these functions occur between 65 and 
70 years. To describe the gradual decline of male 
sexual function over the years, the terms “male 
climacteric” [4], “male menopause,” or “andro- 
pause” [5] have been introduced. Today the terms 
“symptomatic” androgen deficiency in aging 
men (ADAM), “aging male syndrome,” or even 
better “symptomatic” late-onset hypogonadism 
(LOH) [6, 7] are considered more appropriate. 
The aging process affects both the structure 
and the function of the testes and in general of the 
whole male genital tract. The mechanisms 
involved in these changes may be of vascular, 
endocrine, and genetic type [8, 9]. Hormonal 
changes experienced by men with age, followed 
by testicular abnormalities, are successively 
exposed in this chapter. Finally, the mechanisms 
that are probably involved in their development 
are discussed. 
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39.2 Hormonal Changes with Age 


The hypothalamic-pituitary-gonadal axis of older 
men experiences functional changes that lead to 
various changes in their hormone profiles. The 
hormonal profile and its configuration have no 
consistent and distinct patterns, since many fac- 
tors such as inheritance [10], body mass index 
[11], smoking habit (plasma testosterone levels 
are higher in senior smokers than in nonsmokers) 
[12], or stress [13] are involved. 

Testosterone levels decline with age from the 
third decade onward by 0.4-2 % per year [14]. 
Declining testosterone is more pronounced for 
the fraction of bioavailable free hormone, which 
may be due to increased levels and the binding 
capacity of sex hormone-binding protein (SHBP) 
[15-17]. The free testosterone level begins to 
decrease around 40, while the total testosterone 
remains relatively constant up to a very advanced 
age (80-90 years). Diseases, other comorbid con- 
ditions, and medications can exacerbate the 
decline. 

LOH is a clinical and biochemical syndrome 
present in elderly patients and characterized by 
secondary symptoms of deficiency in serum tes- 
tosterone levels. Hypogonadism is estimated to 
be present in 3.1-7.0 % of men between 30 and 
69 years, and in 18.4 % of those over 70 years 


349 


M. Nistal et al., Clues in the Diagnosis of Non-tumoral Testicular Pathology, 


DOI 10.1007/978-3-319-49364-0_39 


350 


[18]. The most frequent manifestations of the 
syndrome are low libido, erectile dysfunction, 
lower muscular mass and strength, increased 
body fat, decreased bone mineral density and 
osteoporosis, and decreased vitality and a 
depressed mood. The minimum criteria for the 
diagnosis of LOH are the presence of three sex- 
ual symptoms (decreased libido, morning erec- 
tions, and erectile dysfunction) combined with a 
total testosterone level of less than 11 nmol/l and 
a free testosterone level of less than 220 pmol/l 
[19]. Hypogonadism may be primary and sec- 
ondary. Secondary hypogonadism is six to seven 
times more common than primary and is associ- 
ated more with obesity than with age, being par- 
ticularly prevalent in middle-aged men. Primary 
hypogonadism is directly associated with age and 
comorbidity. 

The existence of a primary hypogonadism is 
supported by a series of changes that occur in all 
testicular structures and specifically Leydig cells 
and Sertoli cells. Regarding Leydig cells, their 
number has been observed to decrease with age 
[20], the response to hCG stimulation is lowered 
[21], there is a decrease in steroid synthesis, and 
measurements of androgens in the spermatic vein 
yield low numbers [22]. Testosterone metabolites 
(estrogen, dihydrotestosterone) begin to gradu- 
ally decline after 40 and have clearly descended 
over 80 [23]. The result is an increase in LH that 
in some men can reach up to 110 % compared to 
young individuals. In some cases this overstimu- 
lation would be sufficient to produce Leydig cell 
hypertrophy and maintain normal testosterone 
levels. 

Target cells for FSH are the Sertoli cells. With 
age these cells show significant morphological 
changes that can justify increased FSH in senior 
patients [24]. Inhibin concentration decreases 
with age: at 40 years there are already detectable 
changes so it is likely that the Sertoli cells are 
affected even earlier than the Leydig cells [25, 
26]. Serum FSH levels are negatively correlated 
to daily sperm production [20, 27]. 

Secondary hypogonadism is more common in 
the elderly with an associated pathology. Changes 
in the hypothalamic-pituitary axis occur with age 
that result secondarily in testicular damage. 
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Nictameral variations in testosterone levels have 
been found to disappear [12, 28, 29]; the number 
of LH secretory pulses, both immunoreactive LH 
[29] and bioactive LH, decreases [30]; the fre- 
quency of the high-amplitude LH pulse decreases 
[31]; there is a failure in the ability to maintain 
normal testosterone levels in men with an ade- 
quate reserve of Leydig cells and gonadotropic 
cells [4]; and there is decreased or no response of 
LH to antiestrogens or antiopiates [32] and 
increased sensitivity of gonadotropic cells to the 
negative feedback of sex hormones [33]. The use 
of testosterone therapy in LOH seems to offer 
more benefits than contraindications [34] 
although the indication is preferential in primary 
hypogonadism [35]. 


39.3 Morphological Alterations 
of the Testes 


The human testis undergoes involution with age. 
The lesions observed show great interindividual 
variation, but they may also be different in the 
testes of the same individual [36]. There is a sig- 
nificant decrease of testicular volume in elderly 
patients [37]. In our series testicular volume is 
decreased in 85 % of the individuals, and this 
decrease correlates with a decrease in the volume 
of the seminiferous tubules. The average weight 
of the testicle is lower in most cases, and this cor- 
responds to a decrease of the testicular paren- 
chyma [38]. The tunica albuginea undergoes 
changes in its thickness, structure, and weight. 
The thickness of the tunica can reach 900 microns 
[37, 39] compared to 400-450 microns of young 
adults, but this thickening only occurs when the 
vaginal tunica presents with reactive changes 
(Fig. 39.1). This increase probably depends more 
on the decreased testicular parenchyma than on 
the hypertrophy or hyperplasia of the elements 
that constitute it. 


39.3.1 Seminiferous Tubules 


Changes in length, diameter, number of divertic- 
ula, thickness of the lamina propria, decrease in 
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Fig. 39.1 Tunica 
albuginea undergoes loss 
of cellularity with 
increased collagen fibers. 
The seminiferous tubules 
show dilated lumen and 
preserved 
spermatogenesis 


height of the seminiferous epithelium, and quan- 
titative and qualitative alterations of germ cells 
have been described. 


Tubular Length Shortening of the seminiferous 
tubules that occurs with age has been estimated at 
25 %, probably being much higher in the semi- 
niferous tubules that show a greater grade of atro- 
phy of the seminiferous epithelium. 


Tubular Diameter The tubular diameter always 
depends on two facts: the height of the seminifer- 
ous epithelium and the breadth of the tubular 
lumen. In most senior patients, there is a signifi- 
cant atrophy of the seminiferous epithelium, and 
although the tubular lumen is generally increased, 
the tubular diameter is often reduced. But the 
amplitude of the lumen may be equally important 
in some cases in which the seminiferous tubules 
can reach more than 300 microns in diameter. 
The most interesting fact is that the tubular diam- 
eter does not decrease regularly throughout the 
testicle, but appears in a patchy pattern in the tes- 
ticle varying from one to another lobule [40]. 


Diverticula In elderly patients the number of 
diverticula is increased, and this is a consistent 
finding in all testes studied in patients over 
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70 years of age. Their number and size is greater 
in those with obstructive disease of the spermatic 
ducts [41]. 


Tubular Wall The normal thickness of the lam- 
ina propria of the seminiferous tubules is five 
microns in young adults. In older men this struc- 
ture undergoes a progressive thickening parallel 
to a decrease in the height of the seminiferous 
epithelium. More than 55 % of men over 65 have 
a lamina propria more than ten microns thick. 
Another important event that occurs with age is 
the changes experienced by the peritubular cells 
and specifically the myoid cells. A dedifferentia- 
tion process has been observed in which those 
cells adopt the appearance of fibroblasts [41]. 


Seminiferous Epithelium Huge differences in the 
degree of development of the seminiferous epithe- 
lium from one to another individual, between the 
testicles, and even in some lobules as compared to 
others within the same testicle have been observed 
in senior patients. They range from patients with a 
normal spermatogenesis to those showing varying 
degrees of hypospermatogenesis, generally associ- 
ated with spermatocyte sloughing and tubular 
ectasia. Common findings are the presence of one 
or more groups of hyalinized seminiferous tubules 
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between preserved seminiferous tubules. The 
degree of involvement of the germline is also not 
uniform within the testis. Some seminiferous 
tubules are detected, which in serial studies belong 
to the same lobule, with identical lesions as com- 
pared to each other, but different from those of the 
seminiferous tubules of neighboring lobules. All 
cells in the seminiferous epithelium undergo 
changes with age. 


Sertoli Cells Sertoli cells suffer changes both in 
the number and in morphology and function upon 
aging [42]. The Sertoli cell population is esti- 
mated to be 500 million per testicle between the 
ages of 20 and 48, a number that drops to approx- 
imately 300 million per testis in men aged 
50-85 years [43]. This reduction is not evident in 
the transverse tubular sections that maintain a 
stable number of Sertoli cells; it is only explica- 
ble by the marked shortening of the length of the 
seminiferous tubule [44]. 

Many Sertoli cells undergo morphological 
changes. It is estimated that 50 % show typical 
adult Sertoli cell characteristics, 30 % show an 
abundant accumulation of lipids, 8 % show 
intense cytoplasmic vacuolization, 4 % are multi- 
nucleated, and 7 % are dedifferentiated [45]. 
Lipid accumulation is a gradual process that 
starts at age 15 and intensifies in patients older 
than 70 years [46]. In the young adult lipids, they 
are located in the basal cell cytoplasm [47]. 
Another characteristic feature of old age is supra- 
nuclear location. 

Cytoplasmic vacuolization is another fact that 
is accentuated with age. Vacuoles are preferably 
located at the apical pole. They are surrounded 
by a membrane that retains the adjacent cyto- 
plasm specializations that are common between 
Sertoli cells and germ cells (spermatocytes and 
spermatids), which represent extracellular 
spaces that would have been occupied by germ 
cells. 

When aging, Sertoli cells tend to form syncy- 
tia. In senior men, bi- and trinucleated cells are 
frequent [46, 48]. Their number is higher in the 
tubules containing Sertoli cells only [49]. These 
cells probably arise by a cytoplasmic fusion 
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mechanism. The Sertoli cells of the tubules have 
low or no spermatogenesis and show increased 
vimentin filaments and reexpression of keratin 
filaments [50]. 


Germ Cells If even in young men there is a 
potential loss of spermatogenesis that has been 
estimated between 36 and 45 % [51, 52], in 
elderly patients these figures soar. The low rate of 
cell proliferation, the high number of abnormal 
cells, and frequent phenomena of apoptosis [53] 
are inscribed among the causes of low spermato- 
genesis in the elderly. Cell loss occurs mostly 
during meiosis and increases with the withdrawal 
or lowering of testosterone levels and gonadotro- 
pins [54, 55]. 


Spermatogonia Aging forces spermatogonia to 
undergo changes in number, morphology, and 
distribution. The number of Ap and Ad types of 
spermatogonia decreases with age. Ap spermato- 
gonia begin to disappear by 50 and Ad by 60 
[56]. At the same time, there is an increase in the 
number of multinucleated spermatogonia [57] 
(Fig. 39.2). The same cell can contain nuclei with 
characteristic Ad and Ap spermatogonia [58]. 
These cells slough into the tubular lumen or else 
they degenerate [59]. Spermatogonia with large 
nuclei (greater than eight microns in nuclear 
size), probably diploid cells, are very common in 
old age. Giant spermatogonia or hypertrophic 
spermatogonia (larger nuclear size, nine to ten 
microns) also increase with age [60, 61]. These 
are probably formed by DNA cell replication that 
is not followed by cell division [62]. Dislocated 
spermatogonia also increase with age — they can 
be seen forming several layers in 75 % of patients 
over 65 years [63]. 


Spermatocytes A decrease in the number of 
first-order spermatocytes, a tendency to binucle- 
ation, and meiosis alterations are noticed with 
age. This decrease would be secondary to a poor 
number of spermatogonia, to a defect in the early 
stages of meiosis, or to early sloughing in patients 
with obstruction of the spermatic pathway [56]. First- 
order spermatocytes are frequently multinucleated 
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[57, 59, 64-66]. Even though occasionally 
observed in young men with and without another 
pathology, the number of megalospermatocytes 
rises in 64 % of men over 65 [63] (Fig. 39.3). 
Megalospermatocytes are shifted to the adlumi- 
nal compartment where some disintegrate and 
are phagocytosed by Sertoli cells, and others are 
released to the lumen. 


Fig. 39.2 Most 
spermatogonia are Ad 
type. A cell clone 
consisting in more than a 
dozen Ad spermatogonia 
is shown. Hypertrophic 
and multinucleated 
spermatogonia can also 
be observed in this tubule 


Fig. 39.3 The 
seminiferous epithelium 
with decreased height 
shows abundant 
megalospermatocytes and 
scarce spermatids 
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Young Spermatids With age, a decrease of young 
spermatids and an increase of multinucleated 
forms are observed. Multinucleated spermatids 
increase in parallel with age [66]. About 10 % of 
men over 60 years with some kind of germline 
lesion present with bi- and trinucleate spermato- 
gonia compared to 1.4 % of young adults [57]. 
The number of nuclei that can be observed in the 
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cytoplasm is highly variable — cells with as many 
as 86 nuclei have been reported [64]. 


Adult Spermatids There is a gradual reduction in 
number with age. If in testicular biopsies of men 
between 20 and 40 years 90 % of the seminiferous 
tubules contain adult spermatids, the numbers are 
reduced to 50 % in individuals aged between 40 
and 60 years and to 10 % if they are older than 80 
[67]. Apart from the decrease in the number of 
adult spermatids with age, the most important fact 
is the increase in deformed spermatids. Spermatids 
with two nuclei are often observed [68], as well as 
spermatids with elongated nuclei with postacro- 
somal strangulation [57]. 


39.3.2 Interstitium 


Leydig Cells It is estimated that the normal 
number of Leydig cells is 1.2 accumulations by 


Zs 


s$ WN X 1&2 


39 Testicular Changes in Elderly Men 


tubular section. A decrease in the number of 
Leydig cells is usually observed with aging. The 
testes of men over 60 years contain about half 
the number of Leydig cells in 20-year-old men. 
It has also been observed that age brings about 
not only a decrease of their number but also the 
volume of cytoplasm and the nuclear volume 
[20]. The decrease in the number of Leydig cells 
is not linked to an increase in other cell types, so 
it suggests that these cells degenerate [69]. 

We have observed the following changes with 
age in our material [57]: 


(a) The number of Leydig cells is better preserved 
in individuals with intact spermatogenesis. 

(b) When there is an important tubular atrophy, 
especially in cases of diffuse tubular hyalin- 
ization, there is an apparent increase in the 
number of Leydig cells. 

(c) With age a tendency to form clumps occurs. 


Fig. 39.4 Different types of multinucleated Leydig cells (Langhans type and Touton type) in an elderly patient 
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(d) In any case when the number of Leydig cells 
is expressed by the seminiferous tubule, 
including hyalinized tubes, the number of 
Leydig cells is higher than normal. 

(e) Leydig cells often have involutive signs such 
as nuclear pyknosis, cytoplasmic shrinkage, 
and increased lipofuscins. Sometimes an 
excessive accumulation of lipids or intense 
cytokeratin immunoexpression is observed. 


The most common ultrastructural changes in 
Leydig cells with age are an increase in the num- 
ber of Reinke crystals and paracrystalline struc- 
tures [70]; involutional changes in structures 
related to steroidogenesis (endoplasmic reticu- 
lum, mitochondria, etc.) [71]; increase of lipids, 
lipofuscins, and residual bodies [72]; and the 
appearance of multinucleated cells (Fig. 39.4). 
The same changes are expressed by extraparen- 
chymal Leydig cells [73]. These morphological 
features are the expression of profound changes 
in the physiology of the Leydig cells. Multiple 
defects have been identified in the steroidogenic 
pathway of aged Leydig cells, reduction of 
LH-stimulated cAMP production, the cholesterol 
transport inducing protein steroidogenesis, acute 
regulatory protein (STAR) and the outer mito- 
chondrial membrane cholesterol-binding translo- 


Fig. 39.5 Testis with 
marked atherosclerosis of 
the vascular tunic vessels. 
Atrophic lobules side by 
side to others with mild 
tubular ectasia 
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cator protein, and downstream steroidogenic 
enzymes of the mitochondria and smooth endo- 
plasmic reticulum [74-76]. 


Stromal Giant Cells They are a normal finding 
in the testes of elderly patients and their number 
increases with age [77]. They are not related to 
the degree of tubular atrophy. These cells derive 
from CD34 positive fibroblasts. 


Vascular Disorders The testicular blood flow 
decreases with age [78]. The testicular artery, 
which normally follows a straight course along 
the spermatic cord, forms loops along its trajec- 
tory. Doppler measurements of blood flow in the 
testicular artery have shown increased vascular 
resistance in the testes of men between 51 and 
80 years, as compared to those under 40 [79]. The 
centripetal and centrifugal arteries of the testicu- 
lar parenchyma undergo spiraling that may be 
secondary to a decreased testicular volume [80]. 

Vascular lesions can be found in most of the 
testes of patients of an advanced age [66] 
(Fig. 39.5). Hyperplasia of the muscular layer of 
the arteries, sclerosis of the medium layer, fibro- 
sis of the intima of arterioles, arteriolar hyalino- 
sis [81], or regression of the peritubular capillary 
network [82] have been reported. 
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Another frequent finding in adults is varico- 
cele. The incidence in young adults is esti- 
mated at 16 % and in the infertile population at 
40 %. These percentages increase in old age. 
Many young patients with varicocele often 
show abnormalities in the semen analysis, hor- 
mone levels in serum, and testicular histology 
in both the ipsilateral testis and the contralat- 
eral one. The testes show two types of lesions, 
some of them are a diffuse sloughing of germ 
cells with more advanced maturity, and some 
are focal with the presence of multiple patchy 
lesions as well as more severe spermatogenesis 
lesions. 


39.4 Mechanisms of Testicular 
Lesions 


There are multiple potential mechanisms involved 
in the decline of testicular functions with age: 
genetic, environmental, hormonal, vascular (Fig. 
39.6), obstruction of the spermatic ducts. In many 
cases, the lesions caused by these agents associ- 
ate others lesions that depend directly on the spe- 
cific condition the individual may be suffering 
from, so the identification of the damage caused 
by the two types of lesions is very difficult. 


Fig. 39.6 Tubular 
hyalinization caused by 
ischemic mechanism. 
Silhouettes of hyalinized 
tubules nor Leydig cells in 
the interstitium are hardly 
recognized. The neighbor 
lobule has a partially 
preserved spermatogenesis 
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A good starting point to approach the etiology 
of these lesions is to classify them in two groups: 
diffuse alterations and focal abnormalities. 
Genetic, environmental, and hormonal causes 
naturally produce diffuse changes since all the 
parenchyma is exposed to the same noxa. 
Secondary injuries to vascular pathology and 
obstruction of the spermatic ducts will preferably 
be focal. 

Explanation of most of the observed changes 
has been attempted by considering the testicle an 
exclusively endocrine gland, but this would not 
justify the most frequently encountered findings, 
the focal nature of some lesions, or the variability 
of lesions in the other testicle. In other words, not 
enough attention has been paid to the fact that the 
testicle is also an exocrine gland, and as such, an 
obstruction of the spermatic ducts can lead to 
serious damage to the structures that drain 
through them (Fig. 39.7). 

Two populations of patients of similar age, 
one group formed by 100 orchiectomy speci- 
mens from patients without any other pathology 
but untreated prostate cancer, and a second group 
comprising the testes and spermatic ducts of 100 
autopsies of men older than 65 who had died 
from causes not directly related to a testicular 
pathology, were compared in our department. 
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Fig. 39.7 Atrophy of 
seminiferous tubules of a 
testicular lobule caused 
by obstructive 
mechanism. Small cystic 
dilations within some 
hyalinized tubules 
associated with an 
apparent increase in 
Leydig cells in the 
interstitium 


The orchiectomy specimens showed normal 
spermatogenesis in 6 % of the cases, diffuse 
spermatogenesis changes in 94 %, and focal 
lesions associated with diffuse lesions in 78 %. 
The quantitative study of the seminiferous epi- 
thelium in the testes with diffuse lesions speci- 
fied the following diagnoses in decreasing order 
of frequency: hypospermatogenesis associated 
with spermatocyte sloughing, pure hyposper- 
matogenesis, and maturation arrest in spermato- 
gonia. About half of these lesions were 
accompanied by tubular ectasia (tubular lumen 
larger than the height of the seminiferous epithe- 
lium). It is noteworthy that the most common 
etiology of hypospermatogenesis associated 
with spermatocyte sloughing is obstruction of 
spermatic ducts. 

Normal spermatogenesis was observed in the 
autopsy material in only 2 % of the cases, diffuse 
lesions of spermatogenesis in 98 %, and focal 
lesions associated with diffuse lesions in 68 %. 
Most diffuse lesions were associated with hypo- 
spermatogenesis associated with first-order sper- 
matocyte sloughing, followed by incomplete 
maturation in spermatogonia, Sertoli cell-only 
and diffuse tubular hyalinization. The presence 
of more serious lesions in this material is consis- 
tent with the pathology the patients were suffer- 


ing from and with the treatment they had 
received. After histological serialization of sev- 
eral cases of both the biopsy and the autopsy 
material, it was evident that each focal lesion 
corresponded to a common pathology of the 
seminiferous tubules of the same lobule, and the 
lesions characteristic of these tubules were of an 
obstructive nature and superimposable to those 
observed when the efferent duct ligation [83] or 
vasectomy [84] occurred. 

By studying the first part of the spermatic 
pathway, i.e., the rete testis in the autopsy mate- 
rial, the following lesions were identified: diffuse 
cystic transformation (72 %), focal cystic trans- 
formation (20 %), and rete testis atrophy (8 %) 
(Fig. 39.8). Cases of regular and diffuse cystic 
transformation of the rete testis corresponded to 
epididymis having focal or diffuse atrophy at a 
head level or efferent duct ectasia. The most 
common cause was a hormone deficiency in 
some cases, and a lesion in the upper epididymal 
artery in other cases [79]. When transformation 
of the rete testis was focal and irregular, we often 
observed dilated veins with a hyalinized wall in 
the testicular mediastinum, typical lesions of var- 
icose veins that compressed the cavities of the 
rete testis, thus justifying the post-obstructive 
lobular atrophy. 
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Fig. 39.8 Simple ectasia 
of the rete testis. Both 
mediastinal and septal 
rete testes are expanded 


In summary, the testis undergoes aging of all its 
structures. Testicular changes may be aggravated 
by the coexistence of a vascular, arterial, or venous 
disease, which directly or indirectly causes a 
blockage of the first part of the spermatic ducts. 
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40.1 Introduction 

The number of people diagnosed with cancer is 
rising steadily. In Europe, an estimated 3.5 mil- 
lion cancers were diagnosed in 2012 [1]. 
Nowadays, the improvements achieved in diag- 
nosis and therapy in oncology as surgery, radio- 
therapy, and chemotherapy have led to relatively 
high rates of remission and long-term survival. 
Also, improving survival rates for many can- 
cers — some 1-2 % per annum — and 5-year rela- 
tive survival for all cancers combined now 
exceeding 50 % have led to greater focus address- 
ing the side effects and toxicities of treatments 
[2]. These trends mean that there are increasing 
numbers of “cancer survivors” in the population. 
About 49 % of these cancer survivors are male 
[3]. Early detection and improved cancer treat- 
ment protocols in the past 20 years have led to a 
dramatic increase in the number of men surviving 
cancer at a young age. A diagnosis of cancer is a 
life crisis for any person. Younger persons face 
the additional potential loss of their reproductive 
function and the opportunity to have children. 
Studies show that more than 50 % of young male 
survivors will desire paternity after treatment, 
including 75 % of those who were childless at the 
time of diagnosis [4]. But despite the continuous 
improvement of cancer treatment protocols, an 
altered testicular function and infertility are fre- 
quently the major adverse effects of oncologic 
treatments. 
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Testicular cancer, Hodgkin’s disease, and 
leukemia are the most frequent male malignan- 
cies during the reproductive years. Acute lym- 
phoblastic leukemia (ALL) is the most common 
type of cancer in childhood, representing about 
one-third of all cancers in children younger than 
15. Other frequent cancers in children are Wilms’ 
tumor, non-Hodgkin’s lymphoma, germ cell 
tumors, Ewing’s tumor, osteosarcoma, soft tissue 
sarcomas, retinoblastoma, and brain tumors [5]. 

Additionally, chemotherapy also is often used 
for noncancerous conditions such as autoimmune 
diseases like systemic lupus erythematosus 
(SLE) and hematological diseases. Also, treat- 
ments with estrogens and antiandrogenic hor- 
mones used in prostate cancer patients with 
gender dysphoria (GD) changing from male to 
female as a prerequisite for sex reassignment 
surgery cause testicular lesions. 


40.2 Testicular Function 
and Cancer Treatments 


Sexual dysfunction is found in 25-50 % of 
patients who are treated for cancer [6]. It is par- 
ticularly important as 5 % of cancers occur in 
patients under 35 years of age, and approxi- 
mately | in every 600 children will develop can- 
cer before 15. Today, nearly 85 % of tumors in 
children and young men can be successfully 
treated [7, 8], and up to 80 % of these patients 
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can now be cured [9]. In 2010, estimates pointed 
to one in every 250 young adults between 20 
and 29 years as having survived pediatric cancer 
[10, 11]. 

Gonadal damage in men treated for cancer 
can result from either systemic chemotherapy or 
radiation therapy involving the spinal or pelvic 
area. This damage may involve both the germ 
cells and the somatic cells of the testis (Sertoli 
and Leydig cells). The testis has been shown to 
be highly susceptible to the toxic effects of can- 
cer therapy at all stages of life [12]. Although 
earlier studies suggested that germ cells of 
younger males were less vulnerable to the toxic 
effects of chemotherapy compared to older boys 
and young adults, recent studies have failed to 
support this contention [13, 14]. Low-dose 
chemo- and/or radiotherapy can deplete progeni- 
tor type A pale spermatogonia and differentiat- 
ing B spermatogonia in both the pubertal and 
adult testis, while less sensitive spermatogonial 
stem cells (which in adults are most likely a sub- 
population of the quiescent A dark spermatogo- 
nia) survive, and spermatocytes and spermatids 
continue their maturation and spermiation and 
are finally released from the testis as spermato- 
zoa [15]. If the damage is severe (e.g., as a result 
of high-dose treatment), all the spermatogonial 
stem cells undergo apoptosis, or alternatively the 
damaged Sertoli cells are unable to support the 
spermatogonial stem cells. This may lead to 
complete depletion of the pool of spermatogo- 
nial stem cells and seminiferous tubules leading 
to a Sertoli cell-only (SCO) pattern [16], making 
the patient permanently infertile. Testicular 
biopsies show that these SCO tubules frequently 
have Sertoli cells of the involuting type with 
lobulated nuclei with very irregular outlines, 
coarse chromatin granules, and inconspicuous 
nucleoli. These seminiferous tubules have cen- 
tral lumina, decreased diameters, and variable 
thickening of the basement membrane. Elastic 
fibers are present in normal or diminished 
amounts. Lengthy cancer chemotherapy com- 
bined with radiation therapy invariably causes 
hyalinization [17]. 

The main risk factors concerning fertility in 
child cancer survivors are the age at the time of 
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the treatment, chemotherapy using alkylating 
agents, and irradiation of the reproductive organs 
or the hypothalamus/pituitary. In testicular 
cancer patients, it has also been suggested that in 
individuals with certain genotypes of LH 
receptor (LHR) and  Salpha-reductase II 
(SRDSA2), might be more vulnerable to these 
treatments [18]. 

In addition, gonadal dysfunction and reduced 
male fertility may also be associated with spe- 
cific malignancies, even prior to treatment, as 
the disease itself may contribute to male 
gonadal dysfunction, particularly in testicular 
germ cell tumors (TGCTs), Hodgkin’s disease 
[19], and leukemia. Patients with TGCT bear 
the highest risk of having poor semen quality 
before cancer treatment [20]. The association 
of TGCT and impaired spermatogenesis is well 
known, and both are included in the testicular 
dysgenesis syndrome. Up to 34-44 % of 
patients with Hodgkin’s disease, assessed 
before and after treatment, have azoospermia or 
oligospermia [21, 22], and overall impaired 
spermatogenesis is seen in about 50-70 % of 
patients [23, 24]. This impairment seems to 
occur with other malignancies as well, although 
perhaps not to the same extent. Delayed matu- 
ration in spermatogenesis has been found in 
prepubertal patients prior to treatment of solid 
mesenchymal tumors [25]. The mechanisms of 
this dysfunction are poorly understood but they 
are likely multifactorial. The proposed mecha- 
nisms include primary germ cell deficiency, 
systemic release of cytokines by tumor cells 
injurious to both the seminiferous tubules and 
the Leydig cells, alterations of the immune sys- 
tem, and alteration of the hypothalamo- 
hypophyseal axis [26, 27]. In addition to the 
disease itself, other nonspecific conditions 
commonly observed at disease presentation 
(e.g., fever, anorexia, and pain) or later (stress, 
malnutrition) can impair semen quality. These 
findings on semen quality prior to treatment 
have been investigated only in adult patients, 
since similar studies on prepubertal boys can- 
not be performed [28]. 

The three main options for cancer treatment 
are surgery, radiotherapy, and chemotherapy. 


40.2 Testicular Function and Cancer Treatments 


40.2.1 Surgery 


Any surgery involving the gonads or reproduc- 
tive organs may impair fertility. Radical unilat- 
eral orchiectomy remains the standard treatment 
for testicular tumors. Decreased sperm concen- 
tration is seen in most men after unilateral orchi- 
ectomy for testicular cancer, and 10 % of patients 
with preoperative normal sperm counts will 
become azoospermic [29]. There is some recov- 
ery after 1 year [30]. Some authors recommend 
offering semen cryopreservation before unilat- 
eral orchiectomy [31]. 

Partial orchiectomy has become a favored 
option as a method to preserve hormonal and 
sperm cell production in carefully selected 
patients with bilateral testicular tumors or a uni- 
lateral tumor in a solitary testis. In these cases 
strict instructions should be followed to avoid 
tumor relapse or metastasis. 

Retroperitoneal surgery may injure the adjacent 
sympathetic ganglia of the hypogastric plexus 
which are responsible for semen emission and 
ejaculation. Modifications of surgical techniques 
of retroperitoneal lymph node dissection (RPLND) 
have reduced the incidence of loss of anterograde 
ejaculation from 90 % in the late 70s and early 80s 
to nearly 0 % as today, since virtually all patients 
treated with nerve-sparing RPLND have a pre- 
served ejaculatory function [32, 33]. 


40.2.2 Radiation Therapy 


The testicular parenchyma is one of the most 
radiosensitive tissues of the body. Very low doses 
of radiation cause significant function impair- 
ment both in spermatogenesis and hormonal reg- 
ulation of the testes. Radiation-induced gonadal 
damage is most often encountered following 
direct testicular irradiation, as what occurs in the 
management of testicular relapse of leukemia, or 
following total body irradiation as what happens 
prior to bone marrow transplantation. Fertility 
and endocrinological disturbances including both 
early and delayed puberty may also occur follow- 
ing cranial radiation [34]. In most patients treated 
with I°! for thyroid cancer, treatment-induced 
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permanent infertility is not a concern [35], 
although fertility decreases briefly at the begin- 
ning of the treatment [36]. Also, recent evidence 
shows that prostate brachytherapy has a mini- 
mum or even no effect on spermatogenesis as the 
dose received by the testes from I!” brachyther- 
apy of the prostate is close to 0.18 Gy [37]. 

The degree and persistence of gonadal dam- 
age depend on the total dose, the patient’s age, 
the field of treatment, and the fractionation 
schedule [38]. Temporary azoospermia among 
testicular cancer patients has been reported fol- 
lowing 0.2-0.6 Gy [38]. No significant effects on 
FSH levels or sperm counts are seen at doses 
below 0.2 Gy, but transient dose-dependent 
changes between 0.2 and 0.7 Gy, which all 
returned to normal within 12—24 months, have 
been reported in Hodgkin’s lymphoma patients 
[39]. Fractionated radiation dosing, although the 
most common form of radiotherapy, is more 
harmful to sperm than the bioequivalent single- 
dose radiotherapy. The testes are more sensitive 
to fractioned treatment as the time available for 
repair is reduced. The repeated hits first activate 
and then hit the reserve stem cells. A fractionated 
total dose of 1.2 Gy is found to be a threshold 
dose after which permanent testicular damage is 
possible [40, 41]. 

The germ cells are the most radiosensitive tes- 
ticular cells in men of all ages [42]. The more 
immature the cells, the more radiosensitive they 
are. Late spermatogonia (Ap and B) are more 
radiosensitive than early (Ad) spermatogonia. Ap 
and B spermatogonia are destroyed with doses as 
low as 0.1-1.2 Gy, while B spermatogonia toler- 
ate doses higher than 4 Gy. Doses of 2-3 Gy 
result in overt damage to spermatocytes, which 
lead to a reduction in spermatid numbers. At 
doses of 4—6 Gy, the numbers of spermatozoa are 
significantly decreased, and this implies damage 
to spermatids. Prolonged azoospermia should be 
expected at 2.5 Gy total doses [43]. Doses of 
more than 4 Gy can cause irreversible damage to 
spermatogenesis [44], whereas doses higher than 
6 Gy produce a SCO pattern (Fig. 40.1). Testicular 
irradiation (16-18 Gy) therapy as used to treat 
germ cell neoplasia in situ is associated with a 
high rate of permanent sterility [20]. 
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Fig. 40.1 A 25-year-old 
patient that underwent 
radiation therapy in 
childhood by 
retroperitoneal tumor. 
Sertoli cell-only pattern 
with complete 
disappearance of germ 
cells when he consulted 
by infertility 


Leydig cells are less radiosensitive than the 
germ cells, and their biochemical abnormalities 
are usually mild. Leydig cell damage is shown to 
be dose dependent and inversely related to the 
age at treatment. Leydig cells’ function is usually 
preserved up to 20 Gy in prepubertal boys and 
30 Gy in sexually mature men; this fact explains 
that progression through puberty with normal 
testosterone levels is common and that many 
patients get to develop secondary sexual charac- 
teristics despite the severe impairment of sper- 
matogenesis [45]. However, since a raised plasma 
concentration of LH has been observed, subclini- 
cal injury to Leydig cell occurs even at these lev- 
els of radiation. In children with acute 
lymphoblastic leukemia involving the testis, 
radiotherapy with doses of 20-25 Gy, either 
alone or combined with chemotherapy, causes 
irreversible damage of the seminiferous tubules 
and Leydig cells. These patients develop azo- 
ospermia and hypogonadotropic hypogonadism 
with low serum testosterone levels [17]. 

Sertoli cells tolerate up to 60 Gy, although 
they show ultrastructural alterations after low 
doses of radiation [17, 28]. 

Even with optimal protection, the contralat- 
eral testis absorbs 0.2-1.4 Gy when the opposite 
testis is irradiated [46] or in adjuvant therapy for 
rectal cancer [47]. 
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High doses of radiation therapy, as those used 
for treatment of testicular leukemia, frequently 
cause tubular hyalinization. In addition, radiation 
induces dense interstitial fibrosis and loss of peri- 
tubular cells, thus obscuring the borders between 
the interstitium and the tubules (Fig. 40.2). This 
makes the tubules difficult to see in hematoxylin- 
and eosin-stained sections. Leydig cells are atro- 
phic and decreased in numbers. Ischemia 
secondary to radiation-induced vascular injury 
also contributes to hyalinization [17]. 


Recovery of Spermatogenesis Spermatogenesis 
is generally restored 1-2 years after treatment, 
but it may be incomplete or need more years in 
some patients. Recovery of spermatogenesis 
takes place from surviving stem cells (type A 
spermatogonia) and depends on the radiation 
dose. Complete recovery takes place within 
9-18 months following radiation with 1 Gy or 
less, 30 months for 2-3 Gy, and 5 years or more 
for doses of 4 Gy and above [44]. 


Cranial Irradiation While not harming the 
gonads directly, fertility can be impaired by dis- 
ruption of the hypothalamic-pituitary-gonadal 
axis. Cranial irradiation (CRI) is responsible for 
the development of secondary gonadal failure in 
some long-term survivors, but, as a whole, overt 
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Fig. 40.2 A 12-year-old 
patient treated for acute 
lymphoblastic leukemia. 
Severe atrophy of both 
seminiferous tubules and 
Leydig cells. 
Seminiferous tubules 
show complete 
disappearance of germ 
cells and thickened 
tubular wall 


gonadotropin deficiency is rare and mainly 
related to high radiation doses (35—45 Gy) that 
are used in the treatment of brain tumors [41]. 
The clinical sequelae of gonadotropin deficiency 
exhibit a broad spectrum of severity: from sub- 
clinical abnormalities detectable only by the 
GnRH test to a significant reduction in circulat- 
ing sex hormone levels, delayed puberty [28], 
and infertility [48]. 


40.2.3 Chemotherapy 


Numerous chemotherapeutic agents have been 
identified as being gonadotoxic because they tar- 
get rapidly proliferating cells, killing not only 
differentiating spermatogonia but also the stem 
cells themselves. In addition, stem spermatogo- 
nia that do survive fail to further differentiate, 
and this causes permanent infertility. Leydig cells 
are more resistant than germ cells due to their 
lower turnover rate (Fig. 40.3). Leydig cell dys- 
function after chemotherapy is dose dependent 
and usually limited to elevated LH concentra- 
tions with normal or low normal testosterone lev- 
els, and thus the secondary sexual characteristics 
develop normally. Less frequently patients show 
hypogonadism. Leydig cells can also be second- 
arily affected by damage of the germ cell epithe- 
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lium and reduction of the testicular volume 
causing alterations in the paracrine control of 
Leydig cells. 

Chemotherapy has a profound negative effect 
on spermatogenesis by different mechanisms: 
causing chromosomal aberrations (platinum anti- 
neoplastic agents and topoisomerase inhibitors), 
maturation arrest by inhibiting microtubule 
polymerization (vinca alkaloids), mutagenic 
effect in all stages of spermatogenesis (alkylating 
agents), and impaired spermatozoa motility. 
Taxanes inhibit microtubule function, thereby 
inhibiting the cell division process. Additionally, 
taxanes induce the reduction of inhibin B and 
reciprocal elevation of follicle-stimulating hor- 
mone, which are associated with significant 
gonadal damage [49]. 

The nature and the extent of chemotherapy on 
gonadal toxicity depend on several factors: type 
of drug, cumulative doses, treatment duration, 
combinations used, patient’s age, patient’s pre- 
treatment gonadal status, and individual sensitiv- 
ity [50, 51]. Most of the chemotherapy regimens 
are multi-agent, and thus the relative contribution 
of each individual drug is difficult to determine. 


Type of Drug and Dosage The alkylating drugs 
are the most gonadotoxic cytostatics [43]. Testicular 
toxicity of alkylating agents on childhood 
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Fig. 40.3 A 50-year-old 
patient treated for bladder 
carcinoma. Seminiferous 
epithelium consists only 
of isolated germ cells and 
Sertoli cells showing 
marked vacuolization. 
Leydig cells are better 
preserved 


lymphoma survivors is dose dependent and not 
correlated to diagnosis, age, or pubertal status at 
diagnosis [52]. In children, cyclophosphamide 
reduces the seminiferous tubular diameter and the 
germ cell numbers; nuclei in the residual spermato- 
gonia are enlarged. Puberty may progress, even 
during treatment. In adults, cyclophosphamide and 
isophosphamide caused permanent azoospermia in 
80-90 % of cases, most commonly in patients with 
a pretreatment testis volume lower than 13 ml or a 
low sperm count with high FSH (>10 IU/). In 
adults cyclophosphamide destroys the seminifer- 
ous epithelium, induces a SCO pattern, and 
increases FSH serum concentration [53]. Alkylating 
agents may also induce reversion to a dedifferenti- 
ated Sertoli cell with immature phenotype (reex- 
pression of cytokeratins 18) [54]. These agents also 
impair Leydig cell function and cause low testos- 
terone levels, normal or elevated LH serum levels, 
and an exaggerated response of LH to GnRH 
administration [55] (Figs. 40.4 and 40.5). 

Fludarabine, used for the treatment of chronic 
lymphocytic leukemia, produces testicular dam- 
age with diminished ejaculate volume, oligozoo- 
spermia, increased FSH and LH serum levels, 
and decreased testosterone levels. DNA in sper- 
matozoa is markedly abnormal, an effect that per- 
sists for several months [56]. 
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Cisplatin-based regimens are at present the 
main chemotherapeutic agent in oncological pro- 
tocols for testicular tumors. Cisplatin affects the 
cellular DNA and its effects are dose related. It 
causes azoospermia when the dosage is high 
(400-600 mg/m?) [57]. If not azoospermic prior 
to treatment, there is a medium chance (defined as 
65 % at 3 years and 80 % at 4 years) of recovery 
to at least oligospermia after up to four cisplatin- 
based cycles [58]. In addition, cisplatin has a syn- 
ergic interaction with the spermiotoxicity of 
radiotherapy. 

There are little systematically achieved data 
for newer drugs such as taxanes, oxaliplatin, iri- 
notecan, monoclonal antibodies, and tyrosine 
kinase inhibitors. Inhibin-B was slightly reduced 
after treatment with oxaliplatin [59]. Experimental 
studies in prepubertal mice have shown that iri- 
notecan metabolite SN38 induces a marked dose- 
dependent sensitivity in the testicular germ cells 
[60]. Imatinib mesylate (a tyrosine kinase inhibi- 
tor) used in the treatment of chronic myeloid leu- 
kemia causes severe oligozoospermia [61]. 


Combination of Drugs The impact of chemother- 
apy used in the treatment of Hodgkin’s disease 
has been widely reported. The MOPP (mustine, 
vincristine, procarbazine, and prednisolone) regi- 
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Fig. 40.4 Testicular 
parenchyma of a patient 
treated with busulfan 
showing severe decrease 
in tubular diameter, 
Sertoli cell-only pattern 
with dedifferentiated 
Sertoli cell and Leydig 
cell atrophy 


Fig. 40.5 Patient treated 
for nephroblastoma in 
childhood. Seminiferous 
tubules with low number 
of adult Sertoli cells as 
the only lining cells 


men, which was commonly used in the past, leads 
to permanent sterility in most (97 %) male patients 
and raises LH concentrations, suggesting Leydig 
cell impairment. Patients treated with the COPP 
(cyclophosphamide, vincristine, procarbazine, 
and prednisone) protocol do not recover sper- 
matogenesis even if the cyclophosphamide dose 
does not exceed 4800 mg/m2. After treatment 
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with the ABVD (Adriamycin, bleomycin, vin- 
blastine, and dacarbazine) regimen, the first non- 
alkylating agent combination, which is commonly 
used today, azo- or oligospermia was induced in 
54 % of patients [62] with a posttreatment sperm 
recovery rate of 90 % within 1-5 years of 
treatment [63]. The alternating use of MOPP and 
ABVD regimens causes testicular dysfunction in 
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87 % of patients, but 40 % retrieve spermatogen- 
esis [64]. Chemotherapy regimens used for the 
treatment of non-Hodgkin’s lymphoma are gener- 
ally less gonadotropic than those used for 
Hodgkin’s disease. 

Patients with TGCT who received chemo- 
therapy with BEP (bleomycin, etoposide, and 
cisplatin) regimens become azoospermic 
7-8 weeks after starting treatment. When the 
total doses reach 600 mg/m2, infertility is irre- 
versible; at lower dosages, fertility may be 
recovered over a period of approximately 2 
(50 % of patients) to 5 (80 %) years [65] although 
a high percentage of spermatozoa with DNA 
abnormalities will persist [66]. 


Age The prepubertal testis is very vulnerable to 
cytotoxic therapy, probably because of the steady 
turnover of early germ cells that undergo sponta- 
neous degeneration before the haploid stage is 
reached, which is essential for normal adult func- 
tion [67]. 

Pretreatment gonadal status of the patient has 
previously been commented. 

Additionally, besides impairment of sperm 
production and Leydig cell dysfunction, con- 
cerns have been raised about the possible 
mutagenic effect of chemotherapy on sperm 
resulting in transmissible genetic damage. 
However, no clear evidences have been 
reported in humans [51]. 

Therefore, fertility preservation requires 
careful selection of less gonadotoxic therapeu- 
tic regimens. Cryopreservation of semen has 
become a standard practice and should be 
offered to all men before undergoing potential 
sterilizing therapy. Advances in assisted repro- 
ductive techniques have increased the chance 
of successful pregnancy using cryopreserved 
spermatozoa [51]. However, there are limita- 
tions to this method of preserving fertility, as it 
is not an option for prepubertal patients or 
patients with impaired spermatogenesis prior to 
treatments. Cryopreservation of immature tes- 
ticular tissue or isolated germ cells from prepu- 
bescent males in order to achieve restoration of 
fertility following treatment, either by germ 
cell transplantation or by in vitro maturation of 
the germ cells harvested, remains experimental 
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[25, 28, 68, 69]. Research in the field of sper- 
matogenic stem cells may lead to improved 
treatment options such as autotransplant of 
stem cells for repopulation of the testes after 
cancer treatment [49]. In 12 % of men, no 
sperm could be banked as a result of the absence 
of spermatozoa or the very low numbers of 
nonmotile spermatozoa. 


40.2.4 Potential for Fertility 
Following Cancer Treatment 
in Childhood 


The prevention of sterility in survivors of cancer 
in childhood and youth is a major reproductive 
challenge for the coming decades. Due to the 
broad variety of gonadotoxic effects of chemo- 
therapy or radiation therapy on the testes, it is 
often difficult to predict whether a child under- 
going cancer treatment will subsequently have 
impaired fertility as an adult. Besides, in the pre- 
pubertal age, there is no sensitive marker of 
gonadal function that allows early prediction of 
gonadal damage. Great interest is currently 
placed on plasma inhibin B [14, 28, 70] or 
inhibin B to FSH [71] as a potential marker of 
gonadotoxicity in this age group as it is in adults. 
The risk of subfertility can be categorized 
according to drugs, the type of malignancy, and 
the associated treatment and is shown in Table 
40.1. 


40.3 Estrogen and Antiandrogen 
Therapy 


Estrogen treatments in adult humans have been 
used mainly in two types of patients: patients 
with prostate cancer and patients with gender 
dysphoria (GD) changing from male to female in 
whom cross-sex hormone treatment is a prerequi- 
site for sex reassignment surgery. 

Patients with prostate cancer treated with 
estrogens have shown some similarities with 
hypogonadism such as reduced spermatogenesis, 
SCO seminiferous tubules, or spermatogonia- 
only-containing tubules, reduced Leydig cell 
numbers, and sclerosed tubules [72]. 
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Patients with Gender Dysphoria Changing from 
Male to Female Testicular lesions have been 
studied in bilateral orchiectomy specimens after 
definitive surgical treatment. Estrogen exposure 


during adulthood not merely causes atrophy but 
exerts true dedifferentiation of adult human 
Sertoli cells [73], including immaturity immuno- 
phenotype such as reexpression of anti-Miillerian 


Table 40.1 Risk of gonadal subfertility due to cytotoxic drugs and current treatments for disease 


High risk Medium risk Low risk Limited data 

Drugs 

Alkylating drugs Platinum analogs Plant derivatives Taxanes 
Cyclophosphamide Cisplatin Vincristine Oxaliplatin 
Isofosfamide Carboplatin Vinblastine Irinotecan 
Busulfan Doxorubicin Antibiotics Tyrosine 
Melphalan BEP Bleomycin kinase 
Chlorambucil ABVD Dactinomycin inhibitors 
Chlormethine Antimetabolites Monoclonal 

Procarbazine Methotrexate antibodies 

Mercaptopurine 
5-Fluoruracil 

Disease/treatment 

Total body irradiation Acute myeloblastic leukemia Acute lymphoblastic 

Localized radiotherapy: | Hepatoblastoma leukemia 

pelvic/testicular Osteosarcoma Wilms’ tumor 

Chemotherapy Ewing’s sarcoma Soft tissue sarcoma: stage 1 

conditioning for bone Soft tissue sarcoma TGCT (gonadal 

marrow transplant Neuroblastoma preservation and no 

Hodgkin’s disease: Non-Hodgkin’s lymphoma radiotherapy) 

alkylating agent-based | Hodgkin’s disease: “alternating therapy” | Retinoblastoma 


therapy Brain tumor: craniospinal radiotherapy Brain tumor (surgery only) 
Soft tissue sarcoma: Cranial irradiation >24 Gy Cranial irradiation <24 Gy 
metastatic 


Adapted from Brydoy (2007) and Broughman (2003) 


Fig. 40.6 Patient with 
gender dysphoria 
changing from male to 
female. Testicular 
parenchyma showing 
complete, although 
quantitatively abnormal, 
spermatogenesis with 
numbers of spermatocytes 
and spermatids lower than 
expected. Note a group of 
hypoplastic tubules in the 
center of the figure 
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hormone, D2-40, and inhibin bodies [74]. Nistal 
el al. found that based on the seminiferous epi- 
thelium pattern of the greatest part of the testicu- 
lar parenchyma, patients can be classified in three 
subgroups: (1) patients with complete, although 
quantitatively abnormal spermatogenesis show- 
ing numbers of spermatocytes and spermatids 
lower than expected (Fig. 40.6); (2) patients with 


Fig. 40.7 Patient with 
gender dysphoria 
changing from male to 
female. Spermatogonial 
numbers is reduced; 
Sertoli cell nuclei are 
rounded instead of 
indented as in adults, and 
the tubular wall is 
thickened. Leydig cell 
numbers are lower than 
normal 


Fig. 40.8 Patient with 
gender dysphoria 
changing from male to 
female. Hypoplastic 
involuting tubules with 
dedifferentiated Sertoli 
cells (round or even ovoid 
SC nuclei, no lumen) 
grouped in involuting 
seminiferous cords, 
showing intratubular wall 
protrusions 
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mostly pubertal-like seminiferous tubules (the 
most frequent pattern); and (3) patients with 
mostly infantile seminiferous tubules. In the 
majority of cases (72 %), spermatogenesis was 
considered pubertal-like, with seminiferous 


tubules containing Sertoli cells and spermatogo- 
nia only, or spermatogonia and primary sper- 
matocytes, as the only germ cells. Spermatogonial 
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Fig. 40.9 Patient with 
gender dysphoria 
changing from male to 
female. Involuting zones 
showing several 
involuting tubules with 
pubertal pattern. The 
neighbor seminiferous 
tubules show severe 
atrophy 


numbers were highly variable; Sertoli cell nuclei 
were rounded instead of indented as in adults, 
and the tubular wall was thickened (Fig. 40.7). 

A progression in the involution and the extent 
of the lesions was observed related to increasing 
estrogen dosage intake. Lesions progressed from 
involuting tubules to involuting zones showing 
several involuting tubules with pubertal pattern 
(triangular-shaped SC nuclei, germ cells’ pres- 
ence, tubular lumen) together with Sertoli cell- 
only involuting tubules (round or even ovoid SC 
nuclei, no germ cells, no lumen) even in adjacent 
zones of the same seminiferous tubule. The wall 
of these tubules was highly thickened. These 
lesions progressed to even more extended areas, 
where most tubules were grouped in involuting 
seminiferous cords, showing intratubular wall 
protrusions and frequently containing multinucle- 
ated spermatogonia (Figs. 40.8 and 40.9). Leydig 
cell numbers are more frequently lower than nor- 
mal although they can also be higher or normal 
[74]. Other studies found seminiferous cords con- 
taining only Sertoli cells and spermatogonia as 
the only germ cells [73, 75], or 48 % of patients 
with spermatogenesis [76] probably related to dif- 
ferences in the dosage of estrogens and antiandro- 
gen hormones received. 


References 


1. Ferlay J, Steliarova-Foucher E, Lortet-Tieulent J, 
Rosso S, Coebergh JW, Comber H, Forman D, Bray 
F. Cancer incidence and mortality patterns in Europe: 
estimates for 40 countries in 2012. Eur J Cancer. 
2013;49:1374—-403. 

2. Verdecchia A, Guzzinati S, Francisci S, De Angelis R, 
Bray F, Allemani C, Tavilla A, Santaquilani M, Sant 
M. EUROCARE Working Group: Survival trends in 
European cancer patients diagnosed from 1988 to 
1999. Eur J Cancer. 2009(45): 1042-66. 

3. Sharp L, Deady S, Gallagher P, Molcho M, Pearce 
A, Alforque Thomas A, Timmons A, Comber H. The 
magnitude and characteristics of the population of 
cancer survivors: using population-based estimates of 
cancer prevalence to inform service planning for sur- 
vivorship care. BMC Cancer. 2014;14:767. 

4. Schover LR, Brey K, Lichtin A, Lipshultz LI, Jeha 
S. Knowledge and experience regarding cancer, infer- 
tility, and sperm banking in younger male survivors. 
J Clin Oncol. 2002;20:1880-9. 

5. Nistal M, Paniagua R, Gonzalez-Peramato P, Reyes- 
Múgica M. Chapter 23.- Testicular pathology sec- 
ondary to physical and chemical injury. Pediatr Dev 
Pathol. 2016. [Epub ahead of print]. 

6. Arai Y, Kawakita M, Okada Y, Yoshida O. Sexuality 
and fertility in long-term survivors of testicular cancer. 
J Clin Oncol. 1997;15:1444-8. 

7. Aslam I, Fishel S, Moore H, Dowell K, Thornton 
S. Fertility preservation of boys undergoing anti- 
cancer therapy: a review of the existing situa- 
tion and prospects for the future. Hum Reprod. 
2000;15:2154-9. 


374 


8. 


10. 


11 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


Schrader M, Heicappel R, Muller M, Straub B, 
Miller K. Impact of chemotherapy on male fertility. 
Onkologie. 2001;24:326-30. 


. Brenner H, Steliarova-Foucher E, Arndt V. Up-to-date 


monitoring of childhood cancer long-term survival in 
Europe: methodology and application to all forms of 
cancer combined. Ann Oncol. 2007;18:1561-8. 
Bleyer WA. The impact of childhood cancer on the 
United States and the world. CA Cancer J Clin. 
1990;40:355-67. 


. Blatt J. Pregnancy outcome in long-term survivors of 


childhood cancer. Med Pediatr Oncol. 1999;33:29-33. 
Jahnukainen K, Ehmcke J, Hou M, Schlatt 
S. Testicular function and fertility preservation in 
male cancer patients. Best Pract Res Clin Endocrinol 
Metab. 2011;25:287-302. 

Kenney LB, Laufer MR, Grant FK, Grier H, Diller 
L. High risk of infertility and long term gonadal 
damage in males treated with high dose cyclophos- 
phamide for sarcoma during childhood. Cancer. 
2001;91:613-21. 

van Casteren NJ, van der Linden GH, Hakvoort- 
Cammel FG, Hählen K, Dohle GR, van den Heuvel- 
Eibrink MM. Effect of childhood cancer treatment on 
fertility markers in adult male long-term survivors. 
Pediatr Blood Cancer. 2009;52: 108-12. 

van Alphen MM, van de Kant HJ, de Rooij 
DG. Depletion of the spermatogonia from the semi- 
niferous epithelium of the rhesus monkey after X irra- 
diation. Radiat Res. 1988;113:473-86. 

de Rooij DG, van de Kant HJ, Dol R, Wagemaker 
G, van Buul PP, van Duijn-Goedhart A, de Jong FH, 
Broerse JJ. Long-term effects of irradiation before 
adulthood on reproductive function in the male rhesus 
monkey. Biol Reprod. 2002;66:486-94. 

Nistal M, Paniagua R, Gonzalez-Peramato P. Non- 
neoplastic diseases of the testis. Chapter 12. In: 
Bostwick DG, Chen L, editors. Urologic surgical 
pathology. Philadelphia: Mosby/Elsevier; 2014. 
p. 560-735. 

Aschim EL, Oldenburg J, Kristiansen W, Giwercman 
A, Witczak O, Fosså SD, Haugen TB. Genetic varia- 
tions associated with the effect of testicular can- 
cer treatment on gonadal hormones. Hum Reprod. 
2014;29:2844-51. 

Caponecchia L, Cimino G, Sacchetto R, Fiori C, 
Sebastianelli A, Salacone P, Marcucci I, Tomassini S, 
Rago R. Do malignant diseases affect semen quality? 
Sperm parameters of men with cancers. Andrologia. 
2016;48:333—40. 

Dohle GR. Male infertility in cancer patients: review 
of the literature. Int J Urol. 2010;17:327-31. 

Viviani S, Ragni G, Santoro A, Perotti L, Caccamo 
E, Negretti E, Valagussa P, Bonadonna G. Testicular 
dysfunction in Hodgkin’s disease before and after 
treatment. Eur J Cancer. 1991;27:1389-92. 

Lass A, Akagbosu F, Abusheikha N, Hassouneh M, 
Blayney M, Avery S, Brinsden P. A programme of 
semen cryopreservation for patients with malignant 


23. 


24. 


25. 


26. 


Dh. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


40 Treatment-Related Testicular Changes 


disease in a tertiary infertility centre: lessons from 
8 years’ experience. Hum Reprod. 1998;13:3256-61. 
Rueffer U, Breuer K, Josting A, Lathan B, Sieber M, 
Manzke O, Grotenhermen FJ, Tesch H, Bredenfeld 
H, Koch P, Nisters-Backes H, Wolf J, Engert A, 
Diehl V. Male gonadal dysfunction in patients with 
Hodgkin’s disease prior to treatment. Ann Oncol. 
2001;12:1307-11. 

Fitoussi, Eghbali H, Tchen N, JP B, Soubeyran P, 
Hoerni B. Semen analysis and cryoconservation 
before treatment in Hodgkin’s disease. Ann Oncol. 
2000;11:679-84. 

Pietzak 3rd EJ, Tasian GE, Tasian SK, Brinster RL, 
Carlson C, Ginsberg JP, Kolon TF. Histology of tes- 
ticular biopsies obtained for experimental fertility 
preservation protocol in boys with cancer. J Urol. 
2015;194:1420-4. 

Costabile RA, Spevak M. Cancer and male factor infer- 
tility. Oncology (Williston Park). 1998;12:557—70. 
Agarwal A, Allamaneni SS. Disruption of spermato- 
genesis by the cancer disease process. J Natl Cancer 
Inst Monogr. 2005;34:9-12. 

Brougham MF, Kelnar CJ, Sharpe RM, Wallace 
WH. Male fertility following childhood cancer: cur- 
rent concepts and future therapies. Asian J Androl. 
2003;5:325-37. 

Petersen PM, Skakkebek NE, Rgrth M, Giwercman 
A. Semen quality and reproductive hormones before 
and after orchiectomy in men with testicular cancer. 
J Urol. 1999;161:822-6. 

Jacobsen KD, Theodorsen L; Fossa 
SD. Spermatogenesis after unilateral orchiectomy for 
testicular cancer in patients following surveillance 
policy. J Urol. 2001;165:93—6. 

Brydgy M, Fossa SD, Dahl O, Bjgro T. Gonadal dys- 
function and fertility problems in cancer survivors. 
Acta Oncol. 2007;46:480-9. 

Donohue JP, Thornhill JA, Foster RS, Rowland 
RG, Bihrle R. Retroperitoneal lymphadenectomy 
for clinical stage A testis cancer (1965 to 1989): 
Modifications of technique and impact on ejaculation. 
J Urol. 1993;149:237-43. 

Jacobsen KD, Ous S, Wehre H, Trasti H, Stenwig AE, 
Lien HH, Lien HH, Aass N, Fossa SD. Ejaculation 
in testicular cancer patients after postchemotherapy 
retroperitoneal lymph node dissection. Br J Cancer. 
1999;80:249-55. 

Gleeson HK, Shalet SM. The impact of cancer 
therapy on the endocrine system in survivors of 
childhood brain tumours. Endocr Relat Cancer. 
2004;11:589-602. 

Bal C, Kumar A, Tripathi M, Chandrashekar N, Phom 
H, Murali NR, Chandra P, Pant GS. High-dose radio- 
iodine treatment for differentiated thyroid carcinoma 
is not associated with change in female fertility or any 
genetic risk to the offspring. Int J Radiat Oncol Biol 
Phys. 2005;63:449-55. 

Esfahani AF, Eftekhari M, Zenooz N, Saghari 
M. Gonadal function in patients with differentiated 


References 


37. 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


50. 


51. 


52. 


thyroid cancer treated with (131)I. Hell J Nucl Med. 
2004;7:52-5. 

Khaksar SJ, Laing RW, Langley SE. Fertility after 
prostate brachytherapy. BJU Int. 2005;96:915. 
Hansen PV, Trykker H, Svennekjær IL, Hvolby 
J. Long-term recovery of spermatogenesis after radio- 
therapy in patients with testicular cancer. Radiother 
Oncol. 1990;18:117-25. 

Kinsella TJ, Trivette G, Rowland J, Sorace R, Miller 
R, Fraass B, Steinberg SM, Glatstein E, Sherins 
RJ. Long-term follow-up of testicular function fol- 
lowing radiation therapy for early-stage Hodgkin’s 
disease. J Clin Oncol. 1989;7:718—24. 

Ash P. The influence of radiation on fertility in man. 
Br J Radiol. 1980;53:271-8. 

Centola GM, Keller JW, Henzler M, Rubin P. Effect 
of low-dose testicular irradiation on sperm count 
and fertility in patients with testicular seminoma. 
J Androl. 1994;15:608-13. 

Lambrot R, Coffigny H, Pairault C, Lécureuil C, 
Frydman R, Habert R, Rouiller-Fabre V. High radio- 
sensitivity of germ cells in human male fetus. J Clin 
Endocrinol Metab. 2007;92:2632-9. 

Lee SJ, Schover LR, Partridge AH, Patrizio P, Wallace 
WH, Hagerty K, Beck LN, Brennan LV, Oktay 
K. American society of clinical oncology recommen- 
dations on fertility preservation in cancer patients. 
J Clin Oncol. 2006;24:2917-31. 

Howell SJ, Shalet SM. Spermatogenesis after cancer 
treatment: damage and recovery. J Natl Cancer Inst 
Monogr. 2005;34:12-7. 

Shalet SM, Didi M, Ogilvy-Stuart AL, Schulga J, 
Donaldson MD. Growth and endocrine function after 
bone marrow transplantation. Clin Endocrinol (Oxf). 
1995;42:333-9. 

Hahn EW, Feingold SM, Simpson L, Batata 
M. Recovery from aspermia induced by low-dose radi- 
ation in seminoma patients. Cancer. 1982;50:337-40. 
Piroth MD, Hensley F, Wannenmacher M, Zierhut 
D. Male gonadal dose in adjuvant 3-d-pelvic irradia- 
tion after anterior resection of rectal cancer: influence 
to fertility. Strahlenther Onkol. 2003;179:754—-9. [in 
German]. 

Edgar AB, Morris EM, Kelnar CJ, Wallace 
WH. Long-term follow-up of survivors of childhood 
cancer. Endocr Dev. 2009;15:159-80. 

Polland A, Berookhim BM. Fertility concerns in men 
with genitourinary malignancies: treatment dilemmas, 
fertility options, and medicolegal considerations. Urol 
Oncol. 2016;34:399-406. pii: S1078-439(16)30058-8. 
Arnon J, Meirow D, Lewis-Roness H, Ornoy 
A. Genetic and teratogenic effects of cancer treat- 
ments on gametes and embryos. Hum Reprod Update. 
2001;7:394—403. 

Howell SJ, Shalet SM. Testicular function following 
chemotherapy. Hum Reprod Update. 2001;7:363-9. 
Servitzoglou M, De Vathaire F, Oberlin O, Patte C, 
Thomas-Teinturier C. Dose-effect relationship of 
Alkylating agents on testicular function in male survi- 


53. 


54. 


55. 


56. 


57. 


58. 


59. 


60. 


6l. 


62. 


63. 


64. 


65. 


66. 


375 


vors of childhood lymphoma. Pediatr Hematol Oncol. 
2015;32:613-23. 

Müller J, Hertz H, Skakkebaek NE. Development of 
the seminiferous epithelium during and after treat- 
ment for acute lymphoblastic leukemia in childhood. 
Horm Res. 1988;30:115-20. 

Bar-Shira Maymon B, Yogev L, Marks A, Hauser R, 
Botchan A, Yavetz H. Sertoli cell inactivation by cyto- 
toxic damage to the human testis after cancer chemo- 
therapy. Fertil Steril. 2004;81:1391—4. 

Friedman NM, Plymate SR. Leydig cell dysfunc- 
tion and gynaecomastia in adult males treated with 
alkylating agents. Clin Endocrinol (Oxf). 1980;12: 
553-6. 

Chatterjee R, Haines GA, Perera DM, Goldstone A, 
Morris ID. Testicular and sperm DNA damage after 
treatment with fludarabine for chronic lymphocytic 
leukaemia. Hum Reprod. 2000;15:762-6. 

Colpi GM, Contalbi GF, Nerva F, Sagone P, Piediferro 
G. Testicular function following chemo-radiotherapy. 
Eur J Obstet Gynecol Reprod Biol. 2004;113(Suppl. 
1):S2-6. 

Lampe H, Horwich A, Norman A, Nicholls J, 
Dearnaley DP. Fertility after chemotherapy for testic- 
ular germ cell cancers. J Clin Oncol. 1997;15:239-45. 
Levi M, Shalgi R, Brenner B, Perl G, Purim O, Amit 
L, Stemmer SM, Ben-Aharon I. The impact of oxali- 
platin on the gonads: from bedside to the bench. Mol 
Hum Reprod. 2015;21:885-93. 

Lopes F, Smith R, Nash S, Mitchell RT, Spears 
N. Irinotecan metabolite SN38 results in germ cell 
loss in the testis but not in the ovary of prepuber- 
tal mice. Mol Hum Reprod. 2016;22:745-55. pii: 
gaw051. [Epub ahead of print]. 

Mariani S, Basciani S, Fabbri A, Agati L, Ulisse S, 
Lubrano C, Spera G, Gnessi L. Severe oligozoosper- 
mia in a young man with chronic myeloid leukemia 
on long-term treatment with imatinib started before 
puberty. Fertil Steril. 2011;95:1120. e15-17. 

Viviani S, Santoro A, Ragni G, Bonfante V, Bestetti 
O, Bonadonna G. Gonadal toxicity after combination 
chemotherapy for Hodgkin’s disease. Comparative 
results of MOPP vs ABVD. Eur J Cancer Clin Oncol. 
1985;21:601-5. 

Fossa SD, Magelssen H. Fertility and reproduction 
after chemotherapy of adult cancer patients: malig- 
nant lymphoma and testicular cancer. Ann Oncol. 
2004;15:259-65. 

van den Berg H, Furstner F, van den Bos C, Behrendt 
H. Decreasing the number of MOPP courses reduces 
gonadal damage in survivors of childhood Hodgkin 
disease. Pediatr Blood Cancer. 2004;42:210-5. 
Delbes G, Hales BF, Robaire B. Effects of the che- 
motherapy cocktail used to treat testicular cancer on 
sperm chromatin integrity. J Androl. 2007;28:241-9. 
Spermon JR, Ramos L, Wetzels AM, Sweep CG, 
Braat DD, Kiemeney LA, Witjes JA. Sperm integrity 
pre- and postchemotherapy in men with testicular 
germ cell cancer. Hum Reprod. 2006;21:1781-6. 


376 


40 Treatment-Related Testicular Changes 


67. Muller J, Skakkebaek NE. Quantification of germ 
cells and seminiferous tubules by stereological exami- 
nation of testicles from 50 boys who suffered from 
sudden death. Int J Androl. 1983;6:143—56. 

68. Agarwal A, Said TM. Implications of systemic malig- 
nancies on human fertility. Reprod Biomed Online. 
2004;9:673-9. 

69. Bahadur G, Chatterjee R, Ralph D. Testicular tissue 
cryopreservation in boys. Ethical and legal issues: 
case report. Hum Reprod. 2000;15:1416-20. 

70. Cicognani A, Cacciari E, Pasini A, Burnelli R, De Iasio 
R, Pirazzoli P, Paolucci G. Low serum inhibin B levels 
as a marker of testicular damage after treatment for a 
childhood malignancy. Eur J Pediatr. 2000; 159: 103-7. 

71. Bordallo MA, Guimaraes MM, Pessoa CH, Carrico 
MK, Dimetz T, Gazolla HM, Dobbin J, Castilho 
IA. Decreased serum inhibin B/FSH ratio as a marker 
of Sertoli cell function in male survivors after che- 
motherapy in childhood and adolescence. J Pediatr 
Endocrinol Metab. 2004;17:879-87. 

72. Oshima H, Sarada T, Ochiai OK, Tamoaki B. Effects 
of synthetic estrogen upon steroid bioconversation 


73. 


74. 


T; 


76. 


in vitro in testis of patients with prostatic cancer. 
Invest Urol. 1974;12:43-9. 

Schulze C. Response of the human testis to long- 
term estrogen treatment: morphology of Sertoli cells, 
Leydig cells and spermatogonial stem cells. Cell 
Tissue Res. 1988;251:31-43. 

Nistal M, Gonzalez-Peramato P, De Miguel 
MP. Sertoli cell dedifferentiation in human cryptor- 
chidism and gender reassignment shows similarities 
between fetal environmental and adult medical treat- 
ment estrogen and antiandrogen exposure. Reprod 
Toxicol. 2013;42:172-9. 

Sapino A, Pagani A, Godano A, Bussolati G. Effects 
of estrogens on the testis of transsexuals: a pathologi- 
cal and immunocytochemical study. Virchows Arch A 
Pathol Anat Histopathol. 1987;411:409-14. 
Schneider F, Neuhaus N, Wistuba J, Zitzmann M, 
Heß J, Mahler D, van Ahlen H, Schlatt S, Kliesch 
S. Testicular functions and clinical characterization 
of patients with Gender Dysphoria (GD) undergo- 
ing Sex Reassignment Surgery (SRS). J Sex Med. 
2015;12:2190-200. 


